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Dockets Management Branch (HFA-305) ’ 
Food and Drug Administration 

I= 

5630 Fishers Lane, Rm. 1061 -a’ 
W’ 

Rockville, Maryland 20852 25 
CD 

Re: Docket Nos. OOP-1275 and OOP-1276 
Food Labeling: Health Claims; Plant SterolStanol Esters and Coronary 

Heart Disease (Interim Final Rule) 
65 Fed. Reg. 54686 (September 8,200O) 

To Whom It May Concern: 

Lipton, a Unilever company, submits the following comments on the above-referenced 
interim final rule. 

COMMENT 1. The interim final rule was adopted in part in response to our 
petition for a health claim for plant sterol esters. We appreciate the FDA’s careful review 
of our petition, and particularly appreciate the agency’s permitting prompt use of the 
health claim in labeling through the promulgation of an interim final rule. We commend 
the agency for its effective action in fulfilling the goal of the law - to assist consumers in 
maintaining healthy dietary practices. 

COMMENT 2. We concur with the FDA’s determination that 1.3 g/d of plant 
sterol esters has consistently been shown to lower blood total and LDL cholesterol. 65 
Fed. Reg. 54703-704; 21 CFR 101,83(c)(2)(i)(G)(l). 

COMMENT 3. We request that the FDA reconsider requiring the health claim to 
include a statement that the daily dietary intake of plant sterol esters should be consumed 
in two servings eaten at different times of the day with other foods. Instead of requiring 
this “twice-a-day” language to be a mandatory part of the health claim, we urge the FDA 
to permit an optional statement recommending daily consumption of plant sterol ester- 
containing foods. This request is made principally to ensure that the regulation for plant 
sterol esters is consistent with other health claim regulations, and that manufacturers have 
appropriate flexibility in recommending consumption levels in labeling. 

Lipton l 800 Sylvan Avenue l Englewood Cliffs NJ l 07632 
Telephone (201) 567-8000 
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Other health claim regulations do not mandate the use of labeling that specifies a required 
number of servings per day. For example, in the case of psyllium, the agency concluded 
that consumption multiple times a day was desirable and it targeted a consumption level 
of four times per day. However, it did not require the label to state, “eat four times a 
day.” 63 Fed. Reg. 8109-lo,21 CFR 101.81(c)(2)(i). Similarly, in the case of soy 
protein, the agency targeted a consumption level of four times per day but did not require 
the label to state, “eat four times a day.” 64 Fed. Reg. 57713-14 (Oct. 26,1999); 21 CFR 
101.82(c)(2)(i). For these health claims, the agency followed 21 CFR lOl.l4(d)(2)(vii) 
by requiring the claim to state the daily dietary intake of the substance necessary to 
achieve the claimed effect. That is, a health claim is required to refer to the daily amount 
of psyllium or soy protein associated with reduced risk of coronary heart disease, and the 
contribution one serving of the food makes to that daily amount. 

Like the psyllium and soy protein health claim rules, the sterol ester rule requires that the 
claim refer to the daily dietary intake of sterol esters associated with reduced risk of 
coronary heart disease (i.e., 1.3 g or more per day), and the contribution that one serving 
of the product contributes to that level. 21 CFR 101.83(c)(2)(i)(G). As with the psyllium 
and soy protein regulations, this information is adequate to inform consumers about how 
to meet the daily intake level. That is, for foods that contain 0.65 g sterol esters per 
serving, this information informs consumers of the need to eat at least,two servings a day. 
The extra step of requiring “twice-a-day” labeling in section 101.83(c)(2)(i)(H) is not 
necessary to achieve this goal. “Twice-a-day” labeling can be optional, but it need not be 
mandatory. 

We understand that the FDA included the “twice-a-day” labeling requirement because 
most of the studies on which the claim is based involved consumption of plant sterol 
esters at least twice a day with other foods. 65 Fed. Reg. 54704-705. In our view, 
however, these studies show such consistent cholesterol-lowering results that they 
indicate that plant sterol esters will reduce cholesterol irrespective of whether they are 
consumed one or more times per day. This is corroborated by data from a recent study of 
stanol esters (whose mechanism of action is similar to that of sterol esters’) in which 
intake once a day was compared to intake multiple times a day and no significant 
difference in cholesterol lowering effect was observed.2 Thus, we believe that twice-a- 
day consumption need not be mandatory in order to obtain the intended effect, and 
therefore - although it may be appropriate to optionally recommend multiple servings a 
day - it is not necessary to require them. 

Indeed, there is a risk that a mandatory statement about “twice-a-day” consumption may 
discourage consumers from using the product. It is well recognized that dietary 

’ Normen, L. et al.: Soy sterol esters and beta-sitostanol ester as inhibitors of cholesterol absorption in 
human small bowel. Am. J. Clin. Nutr. 2000;71:908-913. Jones, P.J. et al.: Modulation of plasma lipid 
levels and cholesterol kinetics by phytosterol versus phytostanol esters. J. Lipid Research 2000;41:697- 
705. (Copies attached.) 
’ Plat, J. et al.: Effects on serum lipids, lipoproteins and fat soluble antioxidant concentrations of 
consumption frequency of margarines and shortenings enriched with plant stanol esters. Eur. J. Clin. Nutr. 
2000;54:671-677. (Copy attached.) 
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modification to achieve cholesterol reduction is most effective when it requires the least 
disruption to normal behavior. If the health benefit of the product is conditioned on 
twice-a-day consumption, this may unnecessarily discourage use among consumers who 
wish to eat the food as they normally would without modifying their diet. Thus, although 
it may be appropriate to optionally recommend multiple servings a day, it is not 
appropriate to require them. 

In addition, some products may be formulated with at least 1.3 g sterol esters per serving. 
For these products, it would be inappropriate to suggest that the claimed health benefit 
cannot be achieved without twice-a-day consumption (although it would be appropriate 
to optionally recommend multiple servings per day). 

Finally, we note that the FDA’s requirement that the label refer to consumption “with 
other foods” is unnecessary for spreads or dressings, which are always eaten with other 
foods. 

In conclusion, we request that the FDA delete the requirement for “twice-a-day” labeling 
in section 101.83(c)(2)(i)(H) because the sterol ester health claim is complete, truthful, 
and not misleading without it, as required by 21 CFR 101.14(d)(2). In place of this 
mandatory language, we request that the FDA revise 21 CFR 101.83(d) to permit an 
optional statement recommending multiple servings per day of plant sterol ester- 
containing foods. Such a recommendation could vary from food to food, as appropriate, 
and might include, for example - 

l for products formulated with at least 0.65 g per serving, “Eat two servings daily 
with meals.” 

l for products formulated with at least 1.3 g per serving, “Eat one serving daily with 
meals.” 

COMMENT 4. In promulgating the interim final rule on plant sterol esters, the 
FDA said that it would consider broadening the categories of foods eligible to bear the 
health claim if comments “submit supporting data establishing that the use of plant sterol 
esters in other food products is safe and lawful and provide a validated analytical 
method.” 65 Fed. Reg. 54707-708. We agree with these requirements, and in particular 
we urge the FDA to consider the following before broadening the categories of foods 
eligible to bear the claim: 

a. Any new use of plant sterol esters should not exceed the acceptable daily intake as 
established in the published literature or publicly available information. 

b. Any new use of plant sterol esters should be consistent with the currently 
approved use, that is, plant sterol esters dissolved in the fat or oil phase of the 
food. Since the currently approved use was based on studies of sterol esters in 
fat-based foods, extending the health claim to foods that are not fat-based may 
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need to be supported by new studies demonstrating effective cholesterol 
reduction. 

c. Any new use that involves an exemption from the limit for total fat in 21 CFR 
101.14(a)(4) or the limit for minimum nutrient contribution in 21 CFR 
101.14(e)(6) should be based on documented justification for the exemption. 

Thank you for your consideration of these comments. 

Respectfully submitted, 

enclosures 
Senior Marketing Attorney 
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Soy sterol esters and P-sitostanol ester as inhibitors of cholesterof 
absorption in human small bowel Am3 
Lena Ntwm.&, Pat& Dutta, Agot Lia, ad Henrik Anderssan 

ABSTRACT 
Background: PInfit sterols are natural dietary components with 
serum cholcstcrol-lowcring properties. The Jowe+? of serum 
cholcstcrol by plant stcrols is believed to be the fecsult of an inhi- 
bition of cholesterol absorption in the small bowel, although 
incrusrcl bile acid excretion has also been suggested. The dif- 
ference in effect of saturated and unsaturated plant stcrvls on 
cholesterol obsorpu’on needs to be efucidated funher. 
Objective: The primary aim of this study was to measure small- 
bowel cholcstcrol absorption and stcrvl cxcrction in addition to 
hcpatic cholcstcrol synthesis after intake of SOY staol esters and 
fLsitostano1 ester corresponding to 1 S g plant stcrolsld. 
Design: Seven ileostomy subjects were studied during a control 
period and 2 intcrwttion periods when either soy sferol esters or 
Wtostanol cstcr was added to a basal diet. Ilcostomy bags wcr~ 
collcctcd cvcry other hour and frozen immcdiatcly for arttllysis 
of nuuienrs and sterots. 
Results: Choles&rol absorption was 56% (43-W%) in the con- 
cd period and decreased to 38% (32-46%) in the soy stcrol cstcr 
period (P = 0.00) and to 39% (30-M%) in the &dtostanvl cstcr 
period (P = 0.00). 
Conclusloa: Esterified soy statols aad P-sitostaaol inhibited 
cholesterol absorption rqualJy, despite the different structure.$ of 
the plant stcrols. Am J Clin Nutr 2000171;908-13. 

KEY WORDS Plant sterols, phytosterols, plant stcrol cstcr, 
cholesterol absorption, ch&esterol synthesis, lathosterol, sterol 
cxcrction, ilcostomy 

JIWRODUCTION 
PIant sterols are natural dietary components with serum 

cholesterol-lowering properties (1). The most common plant 
stcrols arc p-sitostcrol, campcstcrol, and sdgmastcrol, which arc 
class&d aa 4-dcsmcthylstcrds of the cholestanc series (2). The 
stracturcs of thaw plant stcrols are similar to that of cholesterol 
with an extra methyl or ethyl group and B double bond in the side 
chain. Samrated plant stefols, referred 10 as staaols, have no dou- 
blc bond in the ring structure (3). As early as 1951 it was shown 
that &sitosterol decreased serum cholesterol in chickens during a 
cholesterol load (4). This finding resulted in ~~craJ studies of the 
choiesterollowerlag effects of plant sterols in humans (I, 5-12). 

‘The serum cholesterol-lowering effect of plant sterols is 
believed to bo caused by an inhibition of chotostarot absorption 

resuulting from the higher affinity of plant stervls than of choles- 
terol for rnicelles (13). Additionally. specific plant sterols may 
increase bile acid excrnion (9). Plant sterols seem more eHcient 
as serum cholesterol-lowering agents when mixed with fat than 
when alone (11). Most studies have bees performed with free 
stcrols. which have a low solubility in fat and therefore a Iimited 
ability to dissolve in butter or margarine. Esterifrcation of free 
plant stcrvls is one way to incrcasc solubility in fat (14). A clini- 
cal study of h@wcholestwolcmic subjects concluded that estcri- 
fied kritostanol waq ruorc efftcienl than free p-sitosterol, free 
p-SitosWnol, or rapeseed-based margarifie alone in lowering 
mum cholsstcroi (14). The supcrivrity of p-sitostanol tstcr has 
yet to be confirmed because the intakes of the diemry plant sterols 
were different in the exptimental groups of the trial. A comprer- 
ison of free p-sitostanol tith fr& P-sitc&roJ. hvwcvrr. showed 
that the saturated plant Sterul increased ChoIcstervI cxcrction 
mom c&ctivcly than the unsaturated plant stcrol when infused 
over several hours in low concentrations (3). Despite the latter 
finding, a recent comparison of cstcrificd unsaturated stcrols from 
soybeans with the cstcr of the saturatod @-sitostanol indicated 
that soybean stcrol esters had a similar strum cholestcroi-low. 
eting effect ss the p-&%mol dster (12). Jt could thvrefurv IX 
hypothesized that soy sterols and p-sitostanol inhibit cblestcrol 
absotption +tally when both factions arc ostcrifiod. 

The conventional stcrol balance tcchniquo can be criticized 
for being imprecise when used to measure! cholesterol and bite 
acids because of the considerabfe variation in colon transit time 
wd baclcrial dcgradution (15). To improvr tbc precision of 
mcnsurcmcnt of small-bowel cxcrction, stcrol cxcrction can bc 
studied in ileostomy subjects. Analysis of ileostomy bags after 
immediate freezing reveals an almoat complete absence of sec- 

‘From rho Dqmxnt c-f CWcul Nutrition, Aiwsdrlskliztikema, G&c- 
berg University, Cihbora Sweden. snd Iha De-t of Food Sdence. 
Swedish Uniwrsiry of Agricu~~~ Sdcnca. Uppssl~. 

‘Supponcd by ~ritrits from the Swedish Cancer Foundation and tie 
Swedish NnuWm Feundtiov, Plant sterol estm were generous gifts from 
the Rfiisio Grau~ Rairi0, Finland. 

‘R&us noi wailabls. Addms corrcspondcncc to L Nom%. Dopatt- 
ma% al ClInkal Nurridvn. AnwMsklinikcma. G6abm Vntwrsiw. S- 
413 45 Oiitcborg. Swcdoa. E-mail: nuhilion@dhnutr.p.~. . 

Reoeiveu Ianualy 13, 1999. 
Accepmd for 9ublication Auyst 3.1999. 

908 Am J Ch NW ~,7k9O&I3. Rimed Q USA. 0 2o(M Amcricnn Saciery for CIinlcsl Nut&h 
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ondary bile acids. which might correspond with a 10% iire cir fir- 
mcntation (16). Tho primary aim of this study was to mcasurc 
small-bowel cholestero1 absorption and sterol excretion and 
hepatic choIestero! ryntbesls afrer rhe intake of soy sterol esters 
and psitostana1 ester cotresponding to 1.5 8 platit sterolsld. 

Subjects 

Seven ilcostomy subjects. S men and 2 women, wcrc studied. 
All subjects had undergone proctooolectomios for ulccrativo 
colitis and had well-functioning ileostomics. The median 
(range) lime since surgery w&s 13 y (2-26 y). The subjects had 
a median body mass index (BMI, in kg/m2) of 26 (18-30) and a 
median age of 54 y (29-73 y). Three subjects took medications 
for hypertension, I subject took medication for hypothyroidism, 
and 1 subject took medication for sacroiliitis. Tha subjects wcrc 
othcrwisc healthy and showed no signs of anemia, inflamma; 
tion. or hcpatic or thyroid discasc as confirmed by history and 
standard laboratory tests. An inclusion criterion far subjects was 
a total bile acid excretion of z I gld. Higher bile acid excretion 
reflects a large resection of the small bowel, which would break 
the normal enterohepatic circulation of bile acids. Informed 
consent was obtained from all subjects and approval for tha 
study was granted by rhe trbics committee of Gtiteborg Univer- 
sity in February 1996. 

Design 

TUG s\udy consisted of 1 eontro1 period and 2 intcrvcntion 
periods of 3 d each. The order of periods was assigned randomly 
and the subjects completed the study OYM 3 consecutive weeks. 
There was a minimum washout period of 4 d between every 
study period. A basal diet was served during all 3 periods. Durm 
ing the intervention periods, 2.5 g soy sterol ester or @sita. 
stanol, corresponding to 1.5 g free plant sterols, was added to 
the basal diet daily. The first day of every period was an adap. 
tation day to minimize carryover etrects from the subjects’ 
habitual diets. On study days 2 and 3, the subjects changed 
ileostomy bags every second hour. The night bag was coffected 
separately. Bags were frozen on dry ice immediately to mini- 
mize bacterial degradation. Collection started at 0730 with a 
change of the first bag at 1000 and continued until 2200. Each 
subject’s bags wcrc f&czc-dricd. pooled (24 h), and storccl at 
-20-C until analyzed for energy, nitrogen, starch, resistant 
starch, dietary fiber, and stmol contents. 

A blood sample was drawn befoFe the start of the study to 
dctennine each subject’s apotipoprotein (ape} E phenotype. Gn the 
third day of tech period. a blood sample was drawn wbile subjects 
wcrc in a fasting state to measure serum concentrations of plant 
stcn~ls and the hcpatic cholcstcrol synthesis marker lathostcrol. 

Basal diet and plant sterolr 

The bas$l diet ww d*signed lo have a low content of plant 
steroh and a high content of obolesterol (Table 1). The high cho- 
!cstcrol intake was chosen so that there would be enough choles- 
terol for the plan( stcrols to inhibit. l%od items with a known 
high cholesterol concentration were chosen, eg, eggs, milk prod- 
ucts, and moat. The composition of the diet was calc&M from 
Swedish national food composition tables (17) and a computer 
program was used for nutrient calculations (DIE’ITST, N&in@ 
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data AB, ‘Br&nma. Swcdcn). Analysts of starch, resistant starch, 
fiber. and stcrols were pcrfonned on duplicate portions of the 
diet Breakfast wae served in the study center every morning ol 
the 3 experimental days. The remaining meals were provided by 
the study center for sobjects to consume at home or st work. 

The basal diet cons&d of breakfast (0730). fruit (lOOO), 
lunch (1200). cpffcc (1500). dinner (1700). and an evening snack 
(2000). All foods wcrc prcparcd from the same batches and were 
stored in ~pcciel containti at -20°C. Subjects were allowed to 
caf the prcparcd food only. Lcftovcrs wcrc weighed and recorded 
each day. Subjects drank tap water but were asked to drink the 
same amount at tha same time every day. 

The daily amount of plant srerol esters was divided into 3 por- 
tions, which were weighed directly onto small buns spread with 
butter. The buns were eaten at breukfusr, lunch. and dinner. The 
2.5 8 SOY SIWI esters ton&cd 722 mg B-sitostcrol. 408 mg 
campesterol, 225 mg stigmastcrol, 50 mg A-5-avenasterol, 
38 mg brassicastcrol. 20 mg campcstano!, and 8 mg A-%stig- 
masterol, which gave 3 totd sum of 1.47 g plant sterols. The 2.5 8 
&sitostanol ester contained 1363 mg &sitostanol, 119 mg 
cetnpestanol, 25 mg @-sitosterol, 8 m8 campester& and 2 mg 
brassicasterol, resulting in a total dose of 1 .S2 mg plant sterols. 
The soy sterols were purchased from Archer Daniels Midland 
(mmr, IL). The safcc of the p-itostanol was tall oil (The 
Raisio Group, Rnisio, Finland). Tmsesterification of both pltint 
sterol fractions with oleic acid from rapeseed oil was perfomd 
by The Raisio Gtoup. The! cst~rifk&ion rutcs wcrc 94% for soy 
sterols and 98% for @-sitostanol and the purity of both products 
y-Is >95%. 

Cholesterol absorption 
Cholesterol absorpdon in the small bowel MS moavurcd with 

‘H-labeled cholestero\ and I%!-lebelcd psitostcrol according to 
a modification of the method of Gtundy (1.8). On the second day 
of each study period a total dose of 3.9 kBq (106 nCi) (p-4- 
L4C]sitosterol and S-6 kBq (233 Ki) flu, Za-nfH]choIe$tcrol 
dissolved in 750 tng rapeseed oil was weighed onto 3 sugar 
cubes. The sugar cubes were served with the WIIW meals as the 

TABLE 1 
Composition of Ihe burJ diw 

-- 
VaIuc 

EnergyO’ -- 10.0 
Total fat (% of enay) 37 
Rotein (k of energy) 17 
Crhrbuhychatcs (% of energy)’ 45 
Smch rg>’ 102 
Rdsmt stwch (4 s 
Diew fiber (g)’ 14 
Sterols (m4 

ChOlCStKOl 77s 
Total plant srerols 172 
WitoeroI 94 
&Sitostanol 13 
comptslwcd 43 
Camperlanol 7 
BrWiCUstcrO1 30 
Stigmasterol 10 
S.AVSllaCretol 5 
&alculated from the Swedllh Food Composirion T&k-s (17). 
zAn&zcd vnluc. 



NOU-21-2000 15:07 

.._ . . . __ 

T J LIPTON 201 834 7233 P .04/23 

, 
910 NOR& ZT AL 

plant $ter0I-fortified buns. &SitosteroI was purchased from 
Amcnhsm Intcrnati0nal (Buckinghamshire, United Kiirgdom) 

1.5 mm&L (1.2-2.1 mmoI/L). The individual subject’s apo E 
phenotypes were as follows: E4,3 (subject 3); E3,3 (subjects 1, 

und the tritium was from buomedicd (Stockholm). 2,4, and 6); B3,2 (subject 5); and E2,3 {subject 7). 

Analytic procedures 

The energy cantent of the basal diet was analyzed by bomb 
calorimetry (outomntic adiabatic bomb calorimetry; Callen- 
camp, Loughborough, United Kingdom). Nitrogen content was 
delenGn&d by a modified micro-KjeldaN method (19). Total 
starch and resistant starch were analyzed by the modified enzy- 
matic procedure of Englyst et al (20) and dietQly fiber was 
mcrsured by the method of Asp ot al (21). Radioactive isotopes 
of p-sitostorol and cholcvbrol in the ileostumy effluents were 
extracted according to the method of Micttinon ct al (22). The 
samples were analyzed in a Beckman Tri-Garb liquid scintilla* 
don counter (model 19OOTR; Packard Instmments, Meriden, CT) 
with automatic external stendardization. Recoveries of isotopes 
rddcd to the diet in ilcortbmy e%crda WW+Z 92% for I3-sitostcrol 
and 89% for cholesterol, which was taken into account during 
the calculations of ch0lcr;ter0l absorption. Plant ~terols wtro 
analyzed according to the method of Jonkcr ct al (23). with 
some modifications (24, 25). In short, the method is based on 
pcid FydrOlysis, alkaline hyddysis, silylation with trimethylsi- 
Iylethhcr. and finally gas-iiquid chromatography (24). Sterols in 
the ileostomy excrete were analyzed as described by Bosaeus 
and Anderson (16). A cholesterol precursor, Jathosterol, and 
plant stcrols were analyizcd in the nonsaponifiable part of 
serum by gas-liquid chromatography (26). Phenotyping was 
performd according to the method of lohadssod et al (27). 
Strum cholcstcrol, HDL, and hiacylglyccrols wcrc analyzed by 
an &kzymntic procedure developed by Bayer T&&on AB 
(Stockholm). 

On day 3, the subjects had median serum p-sitosterol concen- 
trations of 8.0 pmoI/L (4.7-13.1 ~#nol/L) during the control 
period, 8.6 p.molfL (4.7-l 5.2 pmol&) during the soy stem1 es&r 
period, and 9.6 I;rmoi& M-17.1 ~mol/L) during the &sito- 
stanol ester period. Median swum campestcrol concentrations 
were 12.5 pmol/L (8.2-19.3 p,mol/L) during the c0ntr01 period, 
14.3 ~ol/L (10.2-29.7 kmol/L) during the soy stcrol ester 
period, and 14.2 KmoI/L (10.6-20.9 J&mol/L) during tic P&to- 
stanol cstcr period. On day 3, the subjects had median serum con. 
cc&rations of total cholesterol of 5.5 rnmoln (4.4-7 mmolh) 
during the control period, 5.3 mmol/L (4.4-7.2 mmol/L) during 
the soy stem1 ester period, and 6 mm&L (4.5-7.2 mmoUL) dw- 
ing the p-sitostanol ester period. 

Cholesterol absorption was 56% (43-65%) in the control 
pcrIod and dccrcased to 38% (3246%) in the soy sterol ester 
period and to 39% (3O-48%) in the p-sirosranol ustcr period 
(P = 0.00; Fig~~re 1). Ratios of lathostcrol to cholesteroI 
(mmoUmo1 cholcstcrol) wue 1.41 (1 .O6-2.33) during the control 
period, 1.80 (0.87-3.09) in the soy sterol ester period, and 1.76 
(1.17-2.69) in the j3-sltostanol ester period. Tile ratio of 1am0s- 
terol to cholesterol was not significantly different between the 
intervention periods and the control period. 

Calculations and statistics 

LDL-cholostcrol concentrations wcrc c&ulated with the 
Fricdewald formula (28). The Quintao formula was used to cal- 
culate fractional ChoIestcroI absorption as follows (29): 

Data QR sterol excretion are shown in Table 2. Cholesterol and 
bile &id excretion were not sienifiicuntly different mwten peri- 
ods, Total plant sterol excretion, ie, the sum of brossicasterol, 
I3-silostctol, 6-silostanol, campesterot, campostanol, stigmas- 
tcrol, and avcnastcro!, w3s 205 mg/d (186-256 mgid} in the con- 
trol period, 1447 mg/d (12561522 mg/d) in the soy stcrol ester 
period, and 1592 mg/d (1484-1783 mg/d) In the p-sitostauol 
ester period. The median total recoveries corresponded to 88% 
with the soy sterol ester and 94% with the @-sitostauol ester. 

DIsctYsskor3 

Fractional cholcstcrol 
absorption (46) = 100 x (1 - [(fecal [3~cholesterol 

/fccaJ [‘4C]@sitostcrol) 
/(administered [“‘c]&&ostcrol 
/&ddniskred ~cholcstcroI)] (1) 

Resulrs are presented as medians and ranges in the text arld 
tables. Statistical analyses were performed with the statistical 
package SYSTAT for WINDOWS (v&on 7.0; SPSS Inc; 
Chic;lgv). Cholcrt~r01 absorption, rutios of lathostcrol to cho- 
Iestcr01. and cholostcrol and bile acid cxcrction were analyzed 
by analysis of variance. Significantly different pairwise com- 
parisons were identified by a one-sided Dunnctt test. Adjust- 
ment was made for multiple comparisons according to Bodfer- 
roni. P c 0.05 ~3s chosen for statistical signiticance. 

RESULTS 
Before the bcgianing of the study, tlz subjects’ median serum 

cholesterol wnctntration was 5.2 mmol/L (4.9-6.5 tn?noUL) and 
their median LDL-cholesterol concentrativn was 3.2 mmoI/L 
(2.64.0 mmol/L). Serum triacylglycerol concentrations were 
0.99 mmol/L (0.81-2.0 mm&L), LDL concentrations were 
3.9 mmol/L (3.1-5.0 mmoYL), and HDL concentrations were 

To our knowledge, this is one of the first comparisons of the 
effects of plant sterols with unsomrated or saturated cstcrificd 
structures on cholesl~ol absomtiofi. Our results contribute to 
the ongoing plant stcrol debate, which has centered mostly on 
the hypotbosited stronger effects on choIcsttroI absorption of 
bnwated pI$mt sterols than of unsaturated plant stcrols. Our 
findings contradict the suggestion that saturated plant sterols, 
cspccially p-sitostanol, arc more potent inhibftors of cholesterol 
absorption than unsaturated plant sterots (14). In fact, we found 
that unsaturated soy sterol esters inhibited cholesterol absorp- 
tion as efficiently as &sitortanol. Free plant sterols. however, 
have been shown to differ in their ability lo reducr cholesterol 
absorption (3) and to Iower serum cholesterol concentrations (9). 
A e0mparis0n 0f free P-sitostarol with frco B-sitostanol showed 
that the s3rw3fed pJ@ sterol decreased cholesterol absorprion 
more efficiently than the unsaturated one (3). A e0mparison of 
the result from that single intubation study with the results of 
the present ileostomy study suggests that cstcrification makes 
the unsamrsrect soy sterols comparable to ~Sitostanot in this 
respect. 

An earlier comparison of free @itosterol with PsitosteryJ 
oleate in humans showed that the free plant sterol decreased 
cholcstuol absorption more efficiently than the ester during a 
breakfast meal with a high choIcstcroI content (30). IO this study, 
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conild period 2.5gsoysmlcstcr 2,5g&shallofealer 

FXGURE 1. Individual rcsponsss in chol.%re~ol absosprion lo plant sterol intervention. Cholestard absorption was calculated based on the ncov- 
cd umounts of [&4-‘4C]sitosterol and [la, 2wt~31iIcholcstaro~ in ihoztomy cflluenla. aSi@i~~ldy differetit &om the control period, P c 0.05 
(ANOVA and Dunnett test with Bonfcrroni adjustment). 

howcvcr. tho plant ster0lt ware added to the menl differently: the 
free form was mixed into the breakfast omelet and the esterified 
form was blended with the frying fat. To what extent this 
ilfrected the inhibition of cholestero1 absorption is unknown. The 
difference found between the free nnd estetified forms may have 
been due to un inc0mpletrf hydrolyzation of the plarrt sterol esters 
in the gut? hecause it is the sterol monohydrate that affects miccl- 
tat binding (31). Still, it is important to emphasize that in the 
present iteastomy study, the diffarent plant sterol esters were 
cunsunxd irl exactly the .same way. 

An impoltunt finding supposting the results of the present study 
was destibed recently by Westskate nnd Meiju (12). who showed 
the\ soy stml esters aad p-sito$tanoI ester result Jn a similar 
hypoc%olesterolemic response. The source of the esters used by 
Weststmte and Mtijer was fortified margrufnos. Note, howovcr, 
that the incorporation of plant stcrol cstcn into margarincs 
changes the physicochamical enviromnent of the plaut sterol ester, 
In the present study, the plant stwof esters were not incorporated 
into the butter, which may expldn the different effect on choles- 
tcroI absorption from thstt of the foflibcd products. However, as in 
the study by Wesktrate and Meijer, the effects of soy sterol esters 

and p-sitostanol ester scuned to also be comparable when not 
blended with fat. 

In vcgctablc oils, plant stcrols exist in both free and csterified 
forms. This aspect of plant stcrols was eddrcsscd in a study com- 
paring 3 dietary regimens: I) corn oil with a naturally high plant 
steroI corzcentration, 2) olive oil with 4 naturally low concentra- 
tion of plant stcmls, and 3) olive oil cnrichcd in ffcc plant stizrols 
(32). Addition of the mixture of froc plant stcrols to the olive oil 
in the third rcgimcn did not result in tbc same strum chdcs- 
terol-lowering effect as produced by the corn oi1 @men, even 
though the third regimen contained 2.foId more plant sterols 
than the first. Serum plant stcrol conccatrations in the 3 periods 
were not significantly different, dcspitc the dJfMng dietary 
intakes of plant stcrols. Plant stcrols ark abrorbcd after miccllar 
incorporation in the hunxm 9M bowel (33) ucld the lib& of 
increase in scrUm ConotntratiorlS indkatti that the plant SltrOlS 
had not been dissdvcd in the mi~cllcs. To make tho addition of 
plant sterols comparable, they should have been added as a mix 
of free and esterified plant steroJs, as in the natural oiJs. This 
may explain the unexpected respnse in serum cholesterol 
elicited by the third rcgimon. 

TABLE 2 
Stem1 mmposition of ilwstomy exzeta during the 3 study periods. 

-..-W.-C__ +# 
stacd Basal diet Basal diet + 2.5 g soy StsroI ester BasaFdkt + 2.5 g psit&anoI cstcr 

mg/LQ h 

CholcsRrol 1066 (7761277) 1216 WM4288) 1204 (1018-1323) 
Choiit acid 320 (80446) 230 (5&502) 297 (S-560) 
Cbenodmxycholic acid 232 w-310) 136 (36463) 182 (M-325) 

‘Median; range In parentheses. Changes in cholesterol absorption were tested by using ANOVA and the Dunnett test. There were no signiflcsnt differ. 
maces between any cf the sludy periods. 
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The present study showed that soy sterol estu and p-sitostanol 
ester inhibited cholesterol absorption, aMoqh there were no 
major changes in sterol excretion. The 4 possible mechanisms for 
serum cholesterol lowcxing, as suggested by Spritz et al (341, are 
J) decreased cholesterol synthesis; 2) increased excretion of cho- 
lesterol. bile acids, or both: 3) shift of plasma cholesterol to other 
tissues: or 4) a combination of the 3 prior mechanisms. ‘Ihe main 
cxplanstion for tho serum cholesterol-lowering effect of plant 
stcrols seems to be an inhibition of cholesterol absorption, which 
thereby increases cholesterol excretion. The lack of a significant 
incrcasc in cholcstcrol excretion in the present study may be 
explained by the low power of the study 1s B result of tie low 
number of subjects. 

An increase in bife acid excretion. as suggcstcd by Bcckcr ct d 
(9), is not supported by the results of the present study. Bile acid 
excretion was slightly decreased with soy rterol esters. although 
not signifwntly, a& not changed at all with ~sitostauol ester. 
Earlier studies of plant sterols in humans and animals also 
shavred ctmfiicting results for bile acid excretion, probably 
because of the small group sizes and variations in fccal output (7. 
9, 14, 3539)). Moreover, stervl excretion in response to a plant 
stcrol intervention may depend on the plant sterol and cholesterol 
dose (37). Studies have been p&ormed wirh ratios of plant sterol 
to cholesterol of 2-250, furthermore, some authors have given no 
description of choIestero1 intake. Different plant sterols may also 
induce vatious effects on bile acid excretion. A study of pare 
stigmvstcrol showed increased bib acid excretion (38). In a c&n= 
ical study of children with fantiM hyperchofesterolemia, the 
sddirion to the diet of saturated p-ritostanol increased biIe acid 
cxcrotion significantly, whereas $-sitosterol had no significant 
effect on bile acid excretion (9). The wide range of ratios of plant 
stem1 to cholesterol used in supplcmcntation studies and the lack 
of systematic testing of different isolated sttuctm maker it dif- 
ficult to cvaluatc the cffccts of plttt stcrols on biI~ acid cxcxtion. 

Because larhosterol~to~cholestcrol ratios rcflcct hcpatic choles- 
terol ayathesis (SO), itimed ratios found after the addition of 
plant sterol esters seem 10 &Iect increased hepdc synthesis a$ a 
rcsalt of the mduccd uptake of cholesterol by the gut. Six-week 
regimens with intakes of p-sitostanol estn corresponding to 3A g 
and c 1 g ~~sitostanoi/d wcrc shown to result in incrcascd lathos- 
terol-to-cholesterol ratios (14, 40). Increased hcpatic cholcstcrol 
synthesis does not seam to b su&ient to bdancc the inhibition of 
choIcstcro1 absorption. The lack of statistical inmasc in the pros- 
onr study was probably the result of the small number of ssbjccts. 

In conclusion, WC showed that estcrifiod soy sterols and B-sito- 
stanol inhibited cholesterol absorption equally, despite the differ- 
cnt stn~cturcs of the plant stcrols. Thus, the &cicncy of plant 
stcrols Is not only attributabIc to their chemical stn~cturcs. w 

WC rh~nk lngmar Westar of The JMio Group, Raisio, Finland. for pro- 
viding the plsnr ~rcral esters; Birgitu Francs for her cxceilent assisUnce dur- 
ing the sludy; and Susan Anderson far her language corrections. 
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Abstract It has been suggested that phytoster~l and phy 
twsta110~ esters possess similar cholesterol-lower+ proper- 
ties, however, whether me&u&ma respolifiiblc arc idcnti- 
cal has not been addressed. To J&WSS this question, 
cbolesterni pkrma ILW&, absorption, biosynthesis, and 
turnover were measured in 15 hypercholestemlemic sub- 
jects coxuwdng preparecl diets each ovct 21 d u&g a cross- 
over design. Die& contaim.. either ;) magariae (M), iii) mar= 
garine with phytosterol esters (MSE) (1.84 g/d), or ;G) 
margarine with phytostanol eslcrs (MS& (1,&L g/d)+ ChoIe+ 
ted abssrprion was meabured using the ratio of [iJC]cho- 
ksterol,~:D~kolestero~; biosynthesis usiog D Incorpora- 
tion from De0 and turnover by D+boleuterol~ decay rates. 
Pbma total cboleaerol level at d 41/Z? ~~1s lower (P r= 
0.05) for MSE (lS.49’) but not MSA (10.2%) versus M 
(6.0%) diets. Plarmra low density Iipopr*rtein&olesterol 
(U&G) mcrm rcducdons at d 21/22 were larger (PC 0.05) 
for MSE (12.9%) smd MSA (7.9%) comparwdwithM (3.9%). 
P&ma TG and high dcnrity lipoprotein~olesterol (HDL 
C) levels did not &ffer across diets. Ckktervl absorption 
was reduced (P < 0.05) 36.2 and 25.9% at d 21 for MSE and 
MSA versus 34, while ChoIeste~ biosynthesis was rccipr+ 
tdiy increased (P c: 0.05) 53.3 md 57.8% for MSE and MSA 
versus M, respe&veiy. CholccWrol turnover was not influ. 
enccd by diet.a These data hdicate that plant sterol and 
s&u101 esters dif&rentiaily lower tzircdatig totA and LDL 
cholesterol levels by supp&on of cbwlestezwl absorption 
in hypcrcholcsterolendc subjects.-Jones, P. J., M. Raeini- 
&jaz, E Y. Ntanios, C. A. Vanstone, J, Y Feng. and W. E. 
Parsons. Modulation of plasma lipid Ievels and cholesterol 
kinetics by phycosterol vcieus p@toc%amol esters. J. Lipid 
Res. 2000.41: 697-m5, 

> 
! 
‘1 n 

Phytosterols, including @itostero!, campesterol, and 
stigmasceroi, naturally o&&t in plants in ho& free and es- 
tcrified fonn, as well as conjugated as glycosides (1). Satu. 
ration of phytosterols at the 5-alpha position form com- 
pounds incIuding sitostanol and campestanol. For several 
decades it has been appreciated that consumption of 
plant stetol~ and stanois led to favorable shifts in circulat- 

ing lipid levels (X-IS). In gene& terms, plant stir01 and 
stanol consumption in human subjects under a range of 
experimental circumstances reduces plasma total and low 
density lipoprotein cholesterol (LDL-C) concentrations 
within the range of Q&26% ad P-S%, respectively 
(ref. 14 for review). Indeed, addition of plant stcrols and 

stanols to food9 for the purpose of lowering plasma cho- 
lesterol concentrations presently rcflccts a major develop 
ment in the functional foods arca in Europe and North 
America, 

There remains controversy, however, over the relative 
cholesterol-reducing efficaLy of plant stcrok versus stanols. 
A recent finding that. esters of unsaturated @-sitosterol and 
campesterol produce the same cholesterol-lowering cffi- 
cacy as esters of sitostanol and campestanol, when added 
to margasines (IO), is somewhat inconsistent with previ- 
ous athal dati (4, 5, 7, 11). This earlier data from ani- 
~aals suggtst that efficacy of cholesterol-lowerir~g a&ion 
increases with tht cxtcnt of hydrogenation of the yhy- 
tosterof mixture. 

For this reason, the: aim of the present investigation was 
to reexamine whether mnrg;lrines containing esters of 
unsattkraced plant stwols possess the same efftcacy as those 
contining esters of saturated plant sterok in the mod%- 
cation of circulating lipoprotein cholesterol levels in hy- 
prcholcstcrolcmic su@iects. The secondary objective was 
to detenmine whether alrcxations in cholesterol absoxp 
tion, turnover, or syntbcsis could account for any relative 
actions of esters of unsaturated versus saturated plant stc- 
rols on circulatory lipid Icvels. To achieve this aim, the 
current study examined the effect of feeding ester&d 
plant sterols and skanols in margarine mixtures on sterol 
metabolism in hyperlipidcmic males consuming prepared, 

Abhrcvisdons: LDLrC, IW density Iipoprotcin~holenrcrol; HDLC, 
high dcruity lipaprcllein~:holrutrrol; M. mzu@nc dice MSE, mar&t- 
l’inc + ph)WStVO~ WtelY diet; bf%, IJIX&IIC + phytostanol ~PI~IS 
diet; TC, COkd chof~W& TC, highccridc; RX, red blood &IX FSR, 

- ~ctiunal synche& IWA 
1 To whom correspondcncc should be ad&essed. 

JOa of L.ipid Research Volume 41, !@OO 697 
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fixed foods diets. The null hypothesis ws that feeding the 
margarinr alone, vc’rsus that with added plant sterol or 
son01 esters, to mildly hyperlipidemic subjects for 3 wee&s 
would not influence their plasma lipid profiles, chole 
terol alxvrption. turnover, or synthesis, nor plasma phy- 
tosterol levels. 

oil. Fatty acids esterificd to stcrol and stanol csum included 
Cl!kln-9 (58.6%), C18:2n-6 (18.9%), and C18:3n-3 (9.9%). 
Sterol and star101 esters ate dissolved iti mar$zxirie during their 
formulation. Margarine htty acid and phytostcrol composition is 
given in Table 1. To ensure that rhe crossover design was b& 
art&, subjects were randomly assigned to one of six predrlrr- 
mined &ti squares, where each square posscsscd 3 scqucnccd 
phases and S subjects. 

METHODS 

Human subjecta 
Hypcrlipidcmic malts (37 to 61 yr) participated in Ihe study. 

Sribjccts wcrc’ scrccncd for plasma total cholesterol CrC) and tri- 
glyceride (‘N) levels. Criteria for acceptance were fasting 
plasma TC concentrations in rhe range of 6.0 to 10.0 mmol/L 
and TG less than 3.0 mmol/L. Subjects wcrc scrcencd for famil- 
ial ~iy~rchules~erolrmia using a family history questionnaire. 
Jndividu& reporting b personal history d di;ibetrs, heart t-lie 
ease, oc hypothyroidism, or who had been using drug therapy 
for hypcrcholesterolcmia at any time during thr 2 months prior 
to the start of rho study, were excluded. The experimental proto- 
col was npprovcd by the Ethics Committee of the Faculty of Agri- 
culture and Environmental Sciences for the School of Dietetics 
2nd Iiurrr~ Nutridoxl at McGill University. All subjects received 
a thorcqlr expladdiiofl of Lbe protocol and wefe give]) the op 
portunity to discuss any queries prior to signing a consent form. 

Subjw& consumed a fixed intake Nhrth American riolid foods 
diet during Each of the’ three treatments. Each phare consisted 
of a 21&y ftxding p&d fubwrd by Y 5-week washour. Thr: 
diet was formulated to meet Canadian Recommended Nutrient 
Intakes. Dietary protein, carbohydrate, and fat made up 15, 50, 
and 85% of ingested energy, respectively. Dietary fat was corn. 
priwd of 15, IO, and 1Ok of rnrw a~ monounsdturAtrd, ratu- 
rated. and polyunsrh~ratcd fats, rcspcctivcly, using a blend of 
olive oil, butttw, md a sunflower oiLbased margarine. The dirt 
was dcsigncd using a May rowing meal cy& to provide variety 
over feeding periods. Meals were prepared in the Mary Emily 
Clinical Nutritivn R-arch Unit mrtabolic kitchen. Subjrcu 
were required to consume a minimum of 2 meals per day, in- 
cluding breakfast, at the Nutrit.ion Rcscarrch Unit under the su- 
pervition of the unit’s SC&. Subjects were repcatcdly instructed 
not to consume >my food br beverages r~lher tirra11 Ihose provided 
by the Nutridon Rcscarch IJnit. 

Protocol and diet 
Using a nndomircd crossover double-blind design, three 

coded margarine mixtures were a&gned to the three dietary 
rrcatmcnts; one contrincd margarine alonc, a second conmined 
margarine with 8% (wt/wt based on free sterol content) plant 
sre~+ol ~SWS, and a third contained 8% (dwt based on free 
sum01 eonrent) plant stanol esten. Plant sterob were derived 
from wgct~blc: oil and estrrified with fatty acids obtained fnrm 
rapcsced oil. Similarly, plant stanols wcrc dcrivcd from vogctable 
oil, hydrogtnated, then esterificd with fatty acids from rapesseed 

The amount of food consumed by each subject was fonnu- 
lared to maintain individual weight balance, using a predictive 
equation &ed m each subject’s weigln, he@:\ age, zurcf activity 
kvel (15). Weight changes wer2: monitored daily and food 
amounts were a4ustcd accordingly where necessary. 

Margarine mixwres were incorporated into respective diets at 
a mean lcvcl of 23 g margarine per day, corresponding to 1.81 g 
free sterols or stanols. per day. Daily margatine doses were 
added LO each meal divided into equal portions. 

Blood samples were collected ftom subjecti before brr&fwt 
on days 0, 8, 15, 18, 19, 20, 21, and 22 af each feeding prriod. 
On days 0 and 21 of each phase an additional blood szunple wss 
drawn to perl’orm complete blood analyses lo mokor lht 

Composition 

TABLE 1, Plant stcrol and fatty acid composition of spreads 
----- 

slKoMan01 Esw ~hos~crul Eatar 
Trcxn~nr Tmuncnr Q>YlW(>l -r--l ~ -.,-.... \._ ,” _,.,,...,... ,,.,. .,“, ,. ,.,” ,, 

mpkg-' % (w/w) mg kg-' w (w/w) mg W1 95 (w/w) 

TOUII plant stcrolr 
Cholcskctil 
Brassicarterol 
Ckmperterol 
CampeJtanOl 
Srigmastrrol 
&Sitostcrol 
Sitosunnl 
d5-Aww~erol 
Other sterol 

TOCAl 

kwric (C12:O) 
My+sic (C14;O) 
Palmitic (Cl&O) 
Skearic (Cltl:O) 
Olaic [C18;1 9c) 
Linoleic (Cl&Z 9cJZc) 
J.,inoknic K18:3 9~12~. 15c) 
Other fatty a&Is 

rot3l 

202 
173 

1616 
21304 

743 
3868 

46770 
lS3 

1700 

::: 
43 

1:: 
137 
23 
17 

411 

026 470 
0.23 1251 
2.14 21611 

27.79 770 
0.97 16106 
5.04 36402 

61.02 1610 

0.17 2.22 *ii 
100 83757 

% (w/w) g k-’ -5-L - 
1.8 10 
1.0 5 

10.5 51 
3.P 14 

40.5 174 
33.4 143 
5,6 24 
4.2 17 

loo 439 

0,56 
1.49 

25.80 
0.9Y 

19.23 
45.85 
I,92 
1.00 
3.22 

10 

% (w/w) 

2.2 1 
A:: 
3.2 

39.7 
326 
5.5 
1.9 

loo 

1.2 
11.3 
28.9 
2.1 
2 

46.9 

::: 
3.6 

100 

% (w/w) 

2.5 
1.2 

11.8 
3.1 

413 
30.0 
5.9 
4.0 

100 

L 

-- .I ,.,.._._,-,._-_.-_ --.--t-l,*. A ..I” .I -._,.. -- 
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Dietary treatment (days) Washbut Swk 
i++Y-F- 

x xw 

* Blood collection x ISoWpC injcctbn (&)/oral (‘“C) 
choksterol Ji D,O 

Fll 1. Pmtc~ol dmclinc used in study. 

health of the sul$cls. Su@jects also tmderwcnt complete physi- 
cnl examinations nnd urir~alyscs at the beginning and end of 
each dietary t1yatn~cx~~ 

Ninely-six frour?i before the end ofthe trinl on day 18, sub&cts 
wcrc intravenously (iv) injected with I5 mg D+~oics~erol and 
sirtmlunevuly ingestccl 90 mg ~3,413C]-choIesterol, Five 
subjcctJ during the first phase did not receive D~holeslerol. In 
dlese czues, rhr average mricbment from the 0th~ two phases 
was rrlculatrd and ut.i!iaed as a surrogate for the true &cholc+ 
tern1 enrichment. The &cholcstcrol isotope was prepared for 
injection by dissolving it in ethanol at a concenrmiort 015 q//ml 
under stcrilc conditions. The jsotope/eO;anol rnixt,ure was 
then added dropwise 10 Inlralipid’M for a total injectable vol. 
un~e of 9 ml. Blood .mmples wcrc taken BL basehe, 6 h, and 12 h 
on day 18, a~ well as fasting samples on days 19, 20, md 21 to 
monitor isotopic enrichment/decay Irv&+. On day 21 of crch 
feeding period. appxisnatrly 21i ml of dcutcrium oxide was 
given orally to each subject. The change in cleuterium cnrich- 
mcnt within red blood cell (‘RBC) fret cholesrcrol was dct.cr- 
mined as an index oTsyn&esis over drays 21 and 24 (72 and 9G h 
titer initial isuu,pr rdminist&on). The time line for rhu prore 
co1 used is provided in Fig. 1. 

Lipoprotein lipid analyses 
Blood w;?s rcntrifugcd for 15 min at 1,500 rpm within SO min 

of phlebotomy to separate plasma from RBCs. Plasma and RBCS 
were immediarcly srcred at -SO’$ until further analysis, Plasma 
TC, hiqh den& lipoprotdn cholesterol (I-XX-C:), and TC con- 
cenrrztians wcrc anrlyzcd in qttadrupiicale 6th rnzymaric kits, 
standardized reagents, arwl stand&a using a VP Autoanalyzer 
(Abbott Laborat,orics, North Chicago, IL). The equalion of 
Friedcwald, Xv, and Fredrickson (16) w= u%ed 1.o cirlculate 
LDI.4 coucenuations. 

Determination of choksterol absorption 
Cbolesrrrol absorption w determined using the dual slablr 

istitopr ratio tcchniquc of Bosnw et al. (17). Free cholcslcrol cx- 
rmcttxl from RBCs wiw used to determine % and D~holcsr,crol 
cnrichmont. Red cells contain almost rxcluvively free cholesterol 
dcsignnated %zs part of the rapid changcovcr pool. Bricily, Iipid 
was exmcrrd from RBC in duplicate using a modified F&h, 
Lees, and doanc Stanley exunction procedure (IS). Thin-layer 
chromatography (2U X 20 an, 260 JL. Scientific Adsorbents Inc., 
Arlnnta. GA) was used to separate free chofesterol fr~~rn chtjlcs- 
teryl ester. The free cholesterol bafid was scraped from the silica 
gel plate and saponified wirh 0.5 M mcthanolic KOH Lo elimi- 
nalc any harry acid conmminanrc;. Free cholesterol exv;1cu were 
rlrird under nitrogen and uxnsfeterr*ed inro M-cm se&d combus- 
tion U.ks (Vycor, Coming cilas.s Works, Coming, NY). Cupric 
oxide (0.5 g) and a P-cm length of’ silver wire were added and 
lubes were sealed at less tin 20 mtorr prcssurc. Cholesterol 
samplex were then cornbusted tu IsC+:nrichcd CO* and D 
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rnrkhcd water for 4 h at S2O”C. The generated C@ was tran+ 
ferred under vacuum into Vycor tubes foi measurement of ‘SC; 
entichment; while D-enriched water was vacuumdistilled into 
sealed tubes containing 60 mg rinc rqent (Biogeochcmical 
I.abontorics, Indiana University, Bloomington, IN). Tbbes COG- 
taining water and zinc were reduced to Dsnriched hydrvgrn g;rri 
at 526°C for 30 min. 

Nuclear magnetic resonance was used to verii) that the isoto- 
pit cnrichmon* of the stnrtlng materials [3.4]-‘sCcbolestero1 
and &-cholostcrol (CON Isotopes, Poirkt Glair*?, Quebec) were 
greater than QQ atom percent excess. The 1% cnrichmcpts of 
free cholesrero1 were measured by diffcrendal isoropc ratio 
mass spectrometry (IRMS) using an automntcd dual inlet sys- 
tem (SIRA 12, laomaw, Chcshirc, UK), Enrichments were ex- 
prcsscd rclativc to Pee Dee Belemnite (PDB) limestone Stan- 
dard of the National Bureau of Standards (NBS). Linearity 
arld @in of rcsponsc of the SIRA I&IS instrumenr were a+ 
rcsscd using a reference tank CO, and NM stmdds of 
known isotopic enrichment. The D anrichmcats of free cho. 
lestcrol wcrc mcasurcd by differential IKMS using a manually 
operated dual inlet system will1 electrical I#* compensation 
(VG I~~mms 903D, Cheshire, UK). For deuterium, enrich- 
mcnts wcrc cxprcsstd rolsdve to Standard Mean Ocean Water 
@MOW) and a series oi NBS standards of known enrichment 
were analyeed concurrently on each day of mcasurcmcnt to 
correct Tar any variations in linearity of gain of response of the 
903D ?KMS. k&ion of measurement expres& as coeffi- 
cicnt of variation [or replicate ‘sC and D enrichment analyses 
was 0.08 and 2.3 dsl (parts per t,houripnd relative to PDB and 
SMOW standards), rcspccdvcly, The 15C and 1) erlrichrnrnts in 
48 and 72 h RBC free cholesterol relative to baseline (t = 0) 
samples were utilized to calwlatc the pcrccnt cholesterol ab- 
sorption u&p the ratio of orally ingested I%- to intravenously 
administcrcd D-cholesterol as described by Bosner et al. ( 17) 
where: 

absorption (pool/pool) = 

&?C X 7 X iv dose of’D~hoIesrerol(ntg) X 0.0112 

dr[D X 2 X i.g. dose of ~SCkbolc.sterol(m~) X 0.000155 
Fq- 1) 

whcrc &I for ‘sC and B is tie difference bctwccn the enriched 
sample at 46 or ‘72 !I and Ihe bxsclinc abundance (ar I = 0) in 
parts per thoutind relative to PDB and SMOW srilrbdards, rc- 
spccdvely. the factor 7/2 reflects rhr ra.io of labdccl atoms per 
mg of dose, and the conr~nts 0.0112 and 0,0001B!j represenr 
fcrors converting the &!I to equivalent atom percent excess for 
Ihe PDA and SMOW scnlcs, respectively. 

Determination of cholesterol biosynthesis and turnover 
Cholesterol hiosynthcsis was determined as the rAte of incor- 

poration of deuterium from body water into RBC mcmbrana 
frtx cholcstcrol over rbr period betwtxn ‘72 and 96 h at the end 
of each treatment as described (19). Fractional synthesis rate 
(PSR) wpresmts that fraction of the cholesterol pool that is syn- 
thcsizcd in 24 h and is calcuIalrd as per the equation (20,21): 

FSR (pools/day) - (d”kholcrrero,/d~l~,~) x 0.478 Eq. 2) 

whcrc dcl for D enrichment in cholesterol is the diETerence be- 
twccn enriched rree cholesterol and plasma water at 72 arid 96 h 
in p,lrts per thousaul relative to a SMOW standard. The tieror 
0.478 reflecti the ratio or labeled H atoms replaced hy D (**!‘L/& 
during in viva biasynthesjs (19)~ 

Tumovcr rates for RBC free cholesrwd wcrc determined 
from the D,sholesterol enrichment decay curve over 24 to 72 h. 
Exponential curves were fitted to 24, 48, and 72 h RBC Dt chb 

&MI d d Phnt steds aad cbolestero~ kinetics 699 
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lesterol enrichments after subaction of baseline D abundance 
atoll. 

Determination of plasma plant sterol levels 
PIam scerols were measured by gas-liquid chromatography 

(GIG) (HP 5890 !%n’cs II, Palo Alto, CA) equipped with flame 
ionization detection and autdnjector system as described (I 1. 
13). A 80-m SAC% column (Sigmn-Aldrlch Canada Ltd., 
Oakvillt, 0~) was used. Briefly, an internal stafldard, 5 alpha- 
chokstane, was added to each plasma sample. Samples were sa- 
ponified aud sterole were extracted, re-suspended in chloro. 
form, and injected into the GLC The column temperature was 
285%. Isodtennd running condirions were maintained for 42 
min. The injector md detector were tit at 300°C and SlO”C, re- 
spcctivcly. The crrrricr gas (helium) flow rate was 1.2 ml/min 
with the inlet splitter set at 1OO:L. Individual plant slerol and 
smnols were identified using authentic standards (Sigma-Aldrich 
Canada Ltd.. Ozkvilk, Ont). IntcmaI stnndards wcrc used to cal- 
cuhtc detector response hctors. Margarine mixtures were also 
~nalyced by GLC to assess sterol and stanol, as well as falty acid, 
content using similar proccdurcu. 

Analysis of data 
Data were expressed as the mean t s&ad& error mean 

(SEM). For lipoprotein cholesterol, TG, and Phytoskrol levels, 
&ra at commencement and end of each dietary period were corn-- 
pm-cd using R cro55ovc~ rcpntcd mcanlre~ ANOVA modd to 
idondfy time and ttcatmcnt EWCCB and their intcracdons. End- 
points for lipid level data were taken as averages of day 21 and 22 

the end of cxh dietary period were compared wing a crcwmv.r 
mOvA model to idcnti+ trcatmcnt &CW. When treatment 
ellects were idetlrified as significant, Duncan’s post-hoc lests were 
ulikd to idLnlify S&lifitint ef%rts of dirt at plrtic&r time 
points. Scparatc comparisons were performed on md*nts for 
circulating lipid Icvels using ANOVA followed by Students’ paired 
ClesLs witI Boltier*roni adjustment 10 control tie ovemll alpha 

Icvcl. Tess for associations between variabk were ako performed 
using Pearson Correltitlon Coefklont analysts. Spccltka& as3ocC 
ations were investigated between circtdalinp rterol levels at the 
end of each trcatmrnt and cbolcstcrol absorption, cholcstcrol 
biosynthesis, and plant sterol levek The data were analyzed using 
RocGcneral Linear Model SAS (version 6.JP) .softwarc. 

RESULTS 

Subject complkuwe aud drop-out rate 
Eighteen subjects commcnccd the study protocol, with 

sixteen subjects completing all three trcatmtnts. However> 
data from only 15 subjects were included in final analym 
because wo subjects left the study at the end of the first 
phase due to pejwnal reasons and a third was terrnirlated 
due to poor compliance. 

Subject bIood tid uriuc parameters and demogrqhic 
response to treatment 

Complck blood counts (CBC), biochemistry {SMAC), 
and urinalysis results during the three phases of the trial 
remained within normal ranges. ReguJar physical exams 
revealed no suggesdon of any clinical irregularities. No 
significant mean group weight changes occurred across 
arty of the three treatments. Sul$~ts tolerated the diet 
without any rcponcd adverse cfkcts, reporting no abnor- 
mal or atypical smeII, taste, color, or mouth-feel effects 
across treatments. Subjects were unable to distinguish be- 
hvecn diwuy fxI%ltme11ts. 

Plasma lipid profile in response to treatment 
Plasma TC, concentmdons meaured across all ~eeal- 

men@ of the feeding triaJ showed large between-subject 
variation (Table 2), while the time by diet iklteraction was 

TABLE 2. Plama lipid Ievels at days 0 and mean of days 21 and 22 of each dietary prio~J 
..-..,.,m._.m--,- --Cm..l*.Lw.,.UI,,w-,. _1.11.._” --,... ___ ._.___ 

pSito9terol Sito9mol 
1 ipid Eater E9Ier COWMJI _ .I . - “-.m..,..d. . -. 

mm01 L-I 

TomI cholesterol 
Day 0 6.39 5 0.18 6.37 t 0.18 6.47 2 022 
Day 2l/YY 5.49 * 0.15**3 5.71 t 0.18*““” 6,od t 0.18*” 
% Change -13.4 = 286” -10.2 ?.!z e.le -6.0 2 2.40 
% Relative to control -9.1 -5.5 

Low density lipoprotein 
13ay 0 4.29 f 0.25 4.35 z 0.23 4.46 z 0.25 
Day 21/22 s.86 z 0.15**” 3.95 : o.l9*b 4.22 2 0.18” 
% Change - 12.9 t 3.0” -7.9 t 3.V -3.9 ti 3.1” 
% Rchdvc to control -13.2 -6.4 

Triglyceride 
Day 0 2.52 2 0.21 2.99 f 0.20 2824 2 0021 
Day 21/22 1.98 rt 0.21* 1.86 t O.lW 1.93 ir 0.15 
% Chnge -18.9 * 8.3 -17.4 t 1-6 -5.7 2 
% Relative to control 

9.3 
1.0 0.9 

I-Ii& density lipoprotein 
Day a 0% t 0.06 0.92 2 0.05 
Dsy 21/22 

0.98 k om 
0.93 + 0.06 0.93 d 0.05 0.93 2 0.06 

% Change -5.6 % 2.3 
4% Relative 10 control 

0.0 2 2.7 -4.5 ? se 
0.0 0.0 

,,wn”mm ..-\II”I,U__&-.. 
Valuer iye apoe& as mmol/L f SEM. Values carrying different superscript letters indicate that there is a 

significant difkrencc between mlxmres (,P C 0,05). Percerht change is based on individual datz. Percent change 
relative to control is hased on the mean for dap 21 and 22. 

*P< 0.05; +* P< 0.01: significant different- within each diet (between day 0 and mean ord@p 21 and 22). 
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mitrgindly significant (P = 0.09). Main effects d time and 
diet (P < 0.0001 and 0.05, respcctivcly) were significant 
for TC levels. Mean reductions in total cholcsteriil over 
days 21 and 22, relative to day 0, were 13.4 k 2.6, 10.2 t 
2.1, and 6.0 2 2.4% for sterol ester, rtauol ester, md con- 
tfol treatments, respectively. When means of TC lev& at 
the end of each phase hrcro compared, control values 

I ware higher than those after consumption of the stero] 
(P< 0.005), but not stanol estercontaining diets (Fig, 2). 
The decline in TC levels at the end df sterol and sasol es- 
ter phases, relative lo that at the end of the control phase, 
were 9.1 and 5.5%, respectively. 

As tith TC level, between-individual variation in L,DLG 
concentration responses were substantial (Table 2). While 
time-bydiet interactions were not signifkant, main cfkcts 
of time (P= 0.0001) and diet (P< 9.01) for LDLC levels 

were observed. Moan reductions in IRLC levels over days 
21. and 22, relative to day 0, were 12.9 + 3.0, 7.9 z 5.7, 
and 5.9 + 3.1% for sterol ester, stand ester, and conrrol 
treatments, respectively. Both the sterol and stanol ester- 
conrdining margarines decreased (P C 0.02) WL-C con- 
ccntration relative to control (Fig+ 3). Moreover, significant 
diffcrenccs were identified among all three trcatmcnts at 
days 21/22, with the lowest levels observed with tbc sterol 
ester margarine. The declines in I,DLC levels at the end 
of the scecol and sum01 ester phases, relative to contro1, 
were 13.4 and 6.4%, respectively. 

TG and r-lDLC conccnwations are listed in Tablo 2. There 
were no significant effects ofdiet on either TG or MDLC kv- 
cls with either of the mar@nes. However, a significant main 
effect of time (P < 0.005) was found for TG and HDLC, with 
levels declining over time in each case. Plant stcrol and 
stanal-induced changes in both TG and HDLC, r&t& to 

changes in cantrol, were minimal (Table 2). 

Cholesterol ztbsorption in reqwnse CO trwtment 
C’holesterol absorption data, provided as enrichment 

vaiws for lsC and D-labeled’cholcsterool in BBC free cho 

b J. 
b 

s 10 IS 20 

mY8 

Fii. 2. Plasma total cholesterol lcvcls &subjects over each dietary 
period. DiSrmt letters indicate significant di&rences (PC: 0.02) 
among diw. Endpoint data represent moans ofvaiues obtained on 
dctp 21 ami 22. Bprs rcprcsent SEM (stidard error of mean). 
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3.6 

3.4 4---T--., 
t 

0 5 10 15 20 2s 
bYS 

Fig, 3. Pfasma IOW den&y lipoprotein levels of subjects over each 
dietary perid. Different letters indicate significant difrerences 
(P< 0.02) among dirtx Endpoint data represent means of Mm 

obrAncd on days 23 and 22. Bars rcprcscnt SF& (standwd error of 
rtkiin) . 

lesterol are presented in Fig. 4. At 48 h after isotope ad- 
ministranon, mean cholesterol absorption co&cicnt 
(cholesterol oral dose/cholesterol iv dose) was lower (P < 
0.005) after scerol ester and stand ester feeding (0.387 2 
0.056 and 0.454 2 0.087 pool/pool, respectively), relative 
to control feeding (0.664 f 0.078 pooI/pool). Thcrc w;u, 

18 
Days 

19 20 21 22 

~ .._..........., ,, ,,, ““‘-......“.............,........,,.T -5 

800 . . ..-.I-......... -..- . . . . . . . ..I.... . . . . . . . . . . . . . . . . . . . . . . . 

600 
dontrol 1.,,.11.,......*. I 

-sj 

~...-.......,..,.............~............ iI 
-1n r 

0 24 48 72 96 
Ilrs 

Fq. 4. Enrichment of *% and D in plasmr cholesterol during rhc 
final weok of each dietary pctiod. Bars represent SEM (standard 
emor ofmean). 
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’ however, no di&rcnce observed in cholesterol absorption 
between the sterol versus stanokontaining die& The trend 
in absoq~.ion rate tended to be proportional to the extent 
of cholesterol-lowering, particularly in the case of l&-C. 

At 72 h, mean cholesteral absorption coefficient was also 
marginally lower (P = 0.08) after &vstcrol ester (0.488 rS: 
0.078 pool/pool), rclativc to control (0.709 + 0.092 pool/ 
pool) diets. There w&, however; no d&fence observed in 
cholesterol absorption between the two diets containing phy- 
tostcrols, ur bctwccn the stu101 ester (0.550 + 0.122 pool/ 
pool) and control diets. The tread in absorption here also 
tended to directly mirror the degree of choluterol-lowering 
in that the group with the lowest LDLX Icvcls in the group 
displayed thhe most suppressed cholesterol &sorption. 

When means ofcach timqoint (i.e., 48 and 72 h) were 
computed ior each subject,, cholesterol absorption was 
lower (1) c 0.01) afar sletol and stanol ester feeding 
(0.438 -C 0.062 and 0.502 f 0.103 pool/pool. respectively), 
relative tu control (O.687 -C- 0.083 pooI/p001) diet. Relative 
lo comrol, absorption was reduced 36.2 and 25.9% for sre- 
rol ester and stanol estercontaining diets, respectively. 
Thcrc was, however, no diffcrcnce in cholesterol absorp 
tion co&icicnt bctwccn the stcrol versus s&UOl-ccmtiiirlitig 
diets. At dicy 21, the group provided with sterol esteem di$- 
played both the lowest LW-C levels and the lowest choles 
terol absorption coefficient. 

Deuterium cnrichmen~ in RBC cholesterol after deutcr- 
atcd mier during Z-96 h post-infusion arc shown in Fig. 4. 
Fractional synthesis mtes were higher (PC 0.05) after stem1 
and stanol ester feeding (O.@S3!j 2 0,0069 and 0.043J 2 
0.0054 pools/day, respectively), relative to the control diet 
(0.0349 -C 0.0043 pools/day). Relative to control, synthesis 
was increased 53.3 and 37.8% I’or sterol and stanol ester- 
containing diets, respectively. There was, however, no statis- 
dually significant dif&rencc observed in synthesis rates be- 
tween the sterol and atanokontaining diets. The trend in 
synth&s rdtc’ tcndcd to invcrscly mirror the degree of 
cholesterol-lowering and cholesterol absorption cocfficlcnt 
At clay 21, the lowest LDL-C levels in the group provided 
with sterok esters cozl\esponded with a similti tread towards 
higher cholesterol biosynthesis within the same group. 

Cholesterol turnover irl reqoue to treatment 
Turnover rates were obtained from the cholesterol deu- 

terium cnrirhmcnt data over 24-72 h (Fig. 4) for treat- 
mcnts containing stcrol esters, stanol esters, and control 
xmrgaxincs. RBC free cholcstcrol turnover rates were 
0.310 -C 0.16, 0.308 * 0.14, and 0.293 * 0.21 pools/day, 
respecdvely. There were no sigtiificant differences ob- 
served between diets. 

Plrrsma plant sterol profile in response to treatment 
Plasma phytosterol concentrations and ratios arc prc- 

sented in Table 3. Mean plasma conccntrarions of campes- 
tervl and lSsitostero1 at day 21 increased (P C 0.0001) 
compared with day 0 with consumption of scerol ester diet 
by 71.6 and 52.5%, respectively, and were significantly dif- 
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fcrcnt (P < 0.05) from the changes observed with con- 
sumption of stanvl esters afld cor~trol diets. The ntio of 
camp&stcrol:~itosterol with sterol ester increased (.P < 
0.0001) over time by 32.7%, which was different (P < 
0.05) from the changes observed with the scanol c3rer and 
control diets. Consumption of the sterol esteruontaining 
diet increased (P < 0.0001) both the campesterol:choleri- 
terol and P-sitosterol:cholesterol ratios by 94.2 and E&5%, 
respectively, and both ratios differed from those of diers 
corGning stanol ester; of Ihe control mq+ine. Even 
though consumption of the stnnol ester margarine de- 
crcticd (PC 0.0001) the campcsterokcholesterol and @ 
sitosccroI: cholesterol ratios hy 19.7 and l&8%, respeo 
tively, neither ratio was significantly different from those 
after con ffol diets. 

Associations between plasma lipid kvels 
and kinetic measummen~ 

For all study subjects, both plasma camptxtcrol (r = 
0.36, P< 0.02) and p-sitostcrol (Y = 0.53, PC 0.0005) Icv- 
~1s were found 10 vary dirt& with plasma TC conccntra- 
lion. Similarly, /3-sitosterol (r = 0.36, PC 0.02) levels were 
found to vary directly with the level of LDLC in plasma, 
Furrhcmmr~, whereas choIcstcro1 absorption coefficient 
W&S rtrzrginally corrclatcd (P k 0.07) with ‘IX conccntra- 
tion, there was a stronger associatiod (r 3 -0.45, Y < 
0.002) bctwccn choIssterol synthesis and TC concentra- 
tions. MorLmvcr, FSR varied invccsely with plasma levels of 
campestcrol (7 = -0.32, P < 0.05) and @sitosterol (,r = 
-0.45, P < 0.005) in all subjects. When subjects were ana- 
lyzed by treatment grouping, an association (Y = 0.53, P c 
0.05) bemeen TC concentration and choIcstcTo1 absorp 
lion coefficieni was obscrvcd for the stcrol ester but not 
for the stanol ester or control diets. 

DlSCUSSION 

This study shows for the first rime that, under controlled 
dietary conditions, plant sterols possess improved efficacy 
in reducing plasma tonl and LDIA concentruions com- 
pared wilh stanal esters at the level nf intake presently uti- 
l&d. This reduction occurred as a result of the ability of 
sterols and sranols to depress cholesterol d~stxption while 
partially desuppresslng cholesterol biosyIlthcsis. The f&t 
that the final circulatory TC level was positively msociated 
with the cholesterol absorption, particuIarIy in the group 
showing the most pronounced cholesteroi lowering, indiw 
cates inhibition of absorption as a chief mechanism in the 
cholesterol-modulating effect of these dietary agents. In 
addition to sterols and stanols, dietary fktty acid composi- 
tion may have also been partially responsible for tic 
changes in lipids observed. Levels of all lipids meawed, 
except WDL cholcstrrol, fell across the cont.rol dietary pe- 
riod, Iikely indicative of the berleficlal substitution of un- 
ehturatcd fat for that rypically consumed by subjects. 

Although moderate reductiotis in plasma total and 
LDL-C concentrations have been demonstrated with the 
use of plant stcrols (8,9,14,22), stanols at similar or lower 
dosages havc: been suggested as possessing a greater lipid- 
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TABLE 5. Plant sterol levels at day 0 md 21 of each dietary period 

wiEwo’ 
5lm6*nol 

Pbyk#tCr01 r titer l-km trd 
* --.“1*“..1 

mmol L” 

G;;;teroi 0.0128 = 0.0015 0.0144 = 0.0017 0.0124 2 0#0014 
Day21 0.0209 f 0.0044**~ o.00~9 -e o.o012*b 0.0119 rt- o.ooW 
% Change 71.6 2 13.1= -27.9 c 7.66 4.1 + I PAP 
% Rctative to control 75.6 -16.8 

mad L-1 

p+itosterol 
Day 0 0.0086 z! 0.0007 0~0100 f o.oooQ 0.0085 ,Y 0.ooo8 
Day 21 0.01 I2 t 0.0012**’ 0.0076 t0.0009**b 0.0086 2 0.0010b 
% Change SE5 2 10.9’ -22.7 f 7.P 7.6 2 10.9” 
% Relative 10 control so.2 -1l.G 

?ht*i mar J 
Campesterol:~1ostrrol 

PavO 1.446 2 tmm 1.406 f 0.088 
Day 0 I t3!0 2 o.049**w 1.308 I o.ow 
% Chrngc $2.7 ? G.8"‘ -4.7 2 4.2' 
% Relrttivc IO control 33.8 -5,8 

amol md- 1 
Campcstcroi:toal cholcwxol 

Day 0 0.199 + 0.022 0.223 r 0.024 
Day 21 0.371 f 0.037** 0.168 r o.ols**b 
% chtulg~ 94,2 k 12-3" -39.7 c 8Y 
% Relative to control 93.2 -11.9 

mmolnd-1 
&5’itostcrol:tntal cholesterol 

Dq 0 0.132 3 0,010~ 0.157 fk 0.013~ 0.128 f 0.011~ 
Day 21 0.198 2 0.015**0 0.128 + O.OlP 0.142 3 0.0146 
% atang*! 53.5 2 11.3' -13.8 f 9.6" 19,4 f 1B.7" 
% Relative to control 39.4 -9.8 

/--.,.,. I”.” ,“A,- _--_- 
V&CJ art expremed f SRM. Different superscript Icttcr~ indicate significnnt filTerewes (P< 0.05) be~wcen 

diets. Percent change is based on individual data: percent change relative to cormul dial fur day 21. 
*PC. 0.0% ** PC O.Ot! aigrificmt ditFmmce within each diet (between day 0 and day 21). 

1.427 = 0.046 
1.588 f 0.065~ 
-1‘6 % 5.1b 

o.u35 2 0.017 
0.192 2 O.OYl* 

13.5 2 14.60 

reducing eapacit~ (25-29). However, only one previous 
study performed a systematic cross-comparison of sterol 
and stanol esters in ad&s (10). Here, consumption of e.+ 
t&tied stcroi and stmoi mixtures rcsuhcd in reductions 
in pl~rtl~ TC etmcentmtions, which were for the greater 
part indistinguishable (IO). Difkrenees bctwccn study 
design including phyrosterol dosage of formulation, or 
dietary composition may be responsible for the vdriabh3 
rest&r observed between the present and previous (10) 
studies. 

Major snb4,jectks or the present research were to assess 
mechanhms of action through which these plant materials 
act To meet these objectives. we utilized a novel cvmbina- 
don oftechniques for measurexnent of cholesterol absorp 
don, biosynthesis, and turnover using three isotopes prc- 
vided simukmeously, cholesterol lab&d with *sC and D 
and dauterated water. Each technique po~e5sos strcn@s 
and drawback. 

lk approach used to measure cholesterol absorption 
presently is that of the accepted procedure described by 
tisser et al, fli’), which asscsscs the ratio in the plasma 
pool of Iabeled cholesterol given orally versus that pro- 
tided intravenously. However, Bosner et al.(l*I) measured 
entichments with selected ion monitoring mass spectrom- 

etry our study is the first to uee more set&&e iSOt+ ratio 
rnws rpectrometry, together with 13C and D labeled cho 
Iesterol tracers. We (11) and others (30) have previously 
utilized the ratio of ‘50 to t”C chole5teroI to dcterminc its 
coefficient of absorption is animals and in humans. How- 
ever, both current problems of ‘$0 isotope &vaiIability and 
the corrections needed when IaO-Meied cholcstcrol is 
cornbusted with copper oxide resulted in the subt&ution 
of pdydeuterated cholesterol in the present tztpetiment. 

The dual isotope absorption rntturcmcnt method uses 
intravenously administered labeled Cholc5tcrol a5 a tracer 
to monitor of exit rate of both body and dietary choles- 
terol from the rapid pool relative to orally administered 
cholesterol labeled with a second u-acvr to monitor the 
rate of intestinal absorption. This ratio allows for coirec- 
tion in turnover rate po&bly afFected by diet or physiolog- 
ical state. Presently we observed that tumovcr rates of ch* 
Iestcrol were 2%30% per day and did not vary across 
dietary treatments. However, when lbe co&%zient of ab 
sorption was calculated using equation 1, it was demon- 
strated that absorption rate was reduced si@iCi3nBy with 
the consumption of tbc sterol ester-conmining diet. and 
reduced at a level that approached atau’stical sjgnificance 
with the consumption of the stanol ester diet. The levels 
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of reduction of cholesterol absorption with sterol and 
stanol ester diets. relative to control (363 and 26.9%, respec- 
tively), ark not substantially tierent ftom those reported in 
rain’& for staaOi esters (36.1%) at comparable doses (11). 
In humans using serum cholestanol/cholcstcrol ratios as 
an index of cholesterol absorption. stanol ester mixtures 
provided at approximately 3 g/d for 6 weeks resulted in a 
decline in absorption of 6 to 21% relative to con~ol diets 
(31). 

The use of dcuttium as a marker for cholesterol bio- 
.synlhesio is based on the methodology developed in ani- 
mals (19) lu;ing radioactive titiated water. Early work (32) 
has shown thaL rhc equilibration of dcurerated cholesterol 
across plasma -and red cull stc~ol pools is extremely rapid, 
but that attaining a plateau of enrichment is not achieved 
even after 100 days of constant deuterium enrichment of 
body water. These data, taken together with our results 
demonstrating that deuterium uptake is largely linear 
over 48 h (20)) allow a monoexponential linear model to 
be fit 10 the deutcrattd cholesterol enrichment curve. Ap- 
plication of this model hcilitatcs the interpretation of the 
deucerium incorporation rcsuit9. 

Although the deuterium uptakc m&lmdology has been 
validated against cholcstcrol balance (Zl), plasma mwa- 
loldc add IevA (SS), and more recently mass isotopomer 
distribution analysis (M. F. Di Buono, P. J. H. Jones, L. 
Wykes, and L. baumier, titipublished results}, the tech- 
nique has root been previously applied in a context where 
baseline dewerium levels were changing, as in the present 
experiment. The present application of the method used 
it modified approach, assessing the baseline enrichmear 
of deuterium at 72 h. It is evident from the 24 and 48 h I) 
enrichment profiles (Fig. 4) that the 72 h D enrichment 
values likely ovcrcstimnted the true baseline at 96 11, as the 
b enrichment continued to decrease over 72,\0 96 h. In- 
deed, mean FSR values were lower than those previously 
observed in orhcr dietary studies (20, 21, 33). It was con- 

templated that cxuapolation of the true 96 h baseline 
from the three previous time-points might be a pcwible 
means of obtaining a more accurate value for FSR. How- 
ever, the imprecision created in extrapolating cholesterol 
deuterium incocpolation measure is considered to out- 
weigh any dysterrmic underestimation of FSR by using the 
tme 72 h accessible values. The approach taken did per- 
mit almost simultaneous measurement of cholcstcrol ab- 
sorption, synthesis, and turnover, as well as circulating 
lipoprotein cholesterol levels, during the period of itivcsti- 
gation. Moreover, demonstration oienllanced cholesterol 
biosynthesis in response to addition of dietary phytoster- 
01s confirms the results of previous rcporn (34) which 
identify this compensatory rlkechanism a5 a part of the 
metabolic response to the reduction lxl cholesterol sb- 
sorption. The increase in synthesis with the stcrol and 
stanol estcrcontaining diets seen presently is consistent 
wir.h previous human (34) and animal (11) data, 

Concurrent wi1.h measurement of cholesterol synthesis 
arkd absorption, changes in plant St-1 Icvels in ph. 
were S&J detected. Absolute IeveS of &cnlatozy psitosterol 
and campesterol found in the present study were not dir 

similar to those seen previously (1 S, 14). As previously, wc 
were unable to detect sitostatiol in plasma in any group, 
although this component has been identified in previous 
work in animals (27). Data in the present experiment 
show that changes in levels ofcampesterol and p-sitosterol 
were dietdependcnt. Particularly, 71.6% and 32.5% in- 
C~GOSS in plasma mmpestcrol and witosterol levels, re- 
spectively, were observed during consumption of the sterol 
ester but not with the conslrrnption of thr? other diets. These 
findings indicate that the non-hydrogenated plant stczols 
are absorbed to a certain extent The lowet reported absurg 
tlon efficiency of stanoh (14) is likely responsible for the 
failure to observe arty incmxse in the ptasma level of thib 
compound after consumption of a stanol esterenriched diet 
for 3 weeks. Indeed, a decrease in both @itobterol atid 
campesterol levels was noted In subjects consurni~~g starlot 
esters. The potential elects of changing circulating plant 
sterol levels after consumption of phytostcrols are not 
known. It has been suggested that indiiduals hctemzygour 
for the disorder phytosterolemia, a rare genetic inborn dis- 
ease, absorb more &sitoscero~ than do healthy individuals 
(.3!5,38), however, levels of circulatory plant stmls in tbcsc 
individuals are similar to those found in vegetians (37). 

In conclusion, die present study demonstrates that in 
esterlfied forms, phycosterol efCicacy in total and LDL 
cholesterol lowering may be influenced by the saturation 
state of the plant sterols constituents. Moreover, a mccha- 
nism contributing to the action of plant sterols in Iowcr- 
ing TC and LDLC concentrations is through reduction of 
absorption of diemy cholestercrl. ~holesttxol biosynthesis 
is desuppresstd. but not to an extent that plasma choies- 
terol levels are unaffcctcd. In summary, both esterified 
@sicosterol and sitostanol are efficacious in favorably re- 
ducing circulating cholcstcrol concentrations Jn hyperlip 
idemic malcs.tll9 
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Effects on serum lipids, lipoproteins and fat soIuble antioxidant 
concentrations of consumption frequency of margarhes and 
shortenings enriched with plant stanol esters 

J Hat’*, ENM van Onselenl, MMA van Heugtenl and RP Mensink’ 

Objective: To examine in humans the effects on $ci~nrm li~.W. lipoproteins and fat-solubfe &oxidants ofa daily 
consumption of 2.5 g plant stanoIs, eonsumcd either once per day at lunch or divided WCT the three meals. 
Des&$; A randomized, double-blind, placcbo-controlIed, cross-over design 
Subjects: Thirty-nine healthy normooholesterolemic or mildly hypercholesterolemic subjects panicipatcd. 
faterventions: Each subject consumed in random order; no plant stanols; 2.5 g plant stanols 4t lunch; and 2.5 g 
plant stanols divided over the three meats (0.42 g at btcakfast. 0,84g W lunch and 1.25 g at dinner, which is 
proportional to dietary cholesterol intake}. Each period lasted 4 weeks. Plant stanols wcrc cstcrificd with fatty 
acids from low crucic rapeseed oil (LEAR) and incorporated into marg.arincs or shortenings. 
Resu?ls: Consumption of 2.5g plant Stan& at lunch rcsulcs in a simiInr low-de&y lipoprotein (tDL).)- 
cholesterol-lowering efScacy compared to oonsvmp~ioti of 2Sg plant stanok divided over the three mwls 
(-0.29 mmoI/l compared with the cxmtml period (P < 0.001: 95% CI, -0.19 to -0.39mmol/l) for the once per 
day d&t and --0.3 I mmoJ/f (1* c O.oOS; 95% CI, -0.20 to -0.41 mmol/I)) far the three times per day period). 
High-density Lipoprotein (HDL) choIesteroI and triacylglycerol concentrations did not change. After standardb 
&ion for LIX, cholesterol, the sum of the most lipophylic hydrocarbon carotcnoids (ic a-wrotmc, &oarotr~e 
and lycopene) in particular was dightly, thoxtgh dot sigificantly, lowered by -0.017 + 0.018 ~ol/mmol LDL 
cholesterol (P =0.307) after the once per day period and by -0.032 -I 0.016 ~mol/nunolLDL cholesterol 
(P= 0.049) after the rhrec times per day period 
C~ncksioas: OIIT findings suggest that for lowering LDL chokstaol concentrations it is not ncwsssry to 
consume products rich in plant s@noJ ester at each meal or simultaneously with dietary cholesterol. 
t@OhsorShhi~ Raisio Group, R&o, Finland. 
Descriptors: plant stanols; oonsvmptiorl ftequency: diet; serum lipids, serum lipoproteins; fat-soluble anti- 
oxidants 
Euwpean Jcwnal ~~&t~icld Nuwirfon (2000) 54, 671477 

Introduction 

Plant stanok are useful hypocholesterofcmic agents since a 
daily intake of 2-3 g lowers LDL choIesteroI concentra- 
tions by lo- 15% as found in various populations (Wester, 
1999, Law, 2000). The proposed mechanism is that plant 
staaols reduce the micellar sohability of choieskro1 and 
consequently lower intestinal absorption of both exogenous 
and endogenous cholesterol (Hdnemarm et al, 1991). l’lds 
suggests that plant stat101 ostcrs should be consumed at each 
meal to obtain a maximaI choIc$teroI-lowering effect. 
However, consuming plant stanol estem at lunch and 
dinner only (Weststmte & Me@r, 1998) showed a decrease 
in LDL cholestero! comparable to that when consumed 
three times daily (Miettisten ez al, 1995; Plat % Mensink, 
2000). This sugests that plant stanols are active in the 
intestinal tract for at Ieast 8 fin hours. It has, however, 
never svstL?naticallv been evaluated whether the efficacy of 

*Comspandence: J Plat, Depaatmmt of Human Biology/Mm~icht 
University, PO Bok 616,620O MD Maastricht, The Netha% 
l&nail: J.Ph~.~lMAAS.~ 

plant stanols to Iower serum LDL cholesterol depends on 
consumption frequency. 

The main purpose of the present study themfore was to 
examine in a normocholesterolemic and mildly hyperchol- 
esteroIemic population the effects on serum lipids and 
Iipoproteins of a margarine and shortening enriched with 
pIant stanol esters, consumed three times per day, vs an 
equal dose of plant Stan01 esters, consumed once per day. 
Also effects on pIasma fat soIubIe antioxidant concentra- 
lions were evaluated, as these may be affected by con- 
sumption of plant sterol and star101 esters (West&ate & 
Meijcr, 1998; GylIing & Miettinen, 1999). 

Methods 

StdYYi?Ct.Y 
Forty-three subjects from Maastricht and surrounding areas 
applied for the study. Twenty-six of these voIun&ers had 
participated in a previous study on the effects of plant 
stand esters on serum lipids and lipop~teins (Plat & 
Menaink, ZOOO), while the others were recxuited via posters 
in public buildings. Subjects were invited for a screening 
visit to see if they met our tligiiility criteria: age f S- 65 y. 
f&g serum total cholestcroI concentration c 6.5 mmoI/l 



NOW21-2000 15: 13 T J LIPTON 

672 
(251 mg/dl), fasting aerurn triaoylglycerol oonoentiti~n 
-e 3.0 mrnol/l), body msss index +ZZ 30kg/m2, diastolic 
blood pressure e 9SmtnHg, systolic blood pressur- 
e 4 16OrnmHg, no presence of proteimtria or ghtcostia, 
no use of medication or a diet known to affect serum iipids, 
and no history of coronary heart disease. Volunteers had 
not donated blood at least 4 weeks before or during this 
trial, and did not participate in another biomedical study. 
All subjects gave their written informed consent before the 
start of the study. A population of normocholestero- 
lemic and mildly hypercholesterolemic subjects was used, 
since the serum cholesterol lowering efficacy of plant 
stand esters -expressed as a percentage-doer, not 
depend on initial serum LDL cholesterol concentrations 
(Wester. 1999; Law, 2000). HypercbolesteroJemic subjects 
wCIY: not inch&d, aS many uf these p&1&3 have a history 
of cardiovascular disease, *or use medication or a diet 
known to affect serum hprds. which were all exclusion 
criteria. 

One subject was excluded for a serum total cholesterol 
concentration r6.5 mmol/I and two subjects decided not to 
participate. Consequently, the study started with 40 volun- 
tcers. One subject dropped out d&g the fitst week, 
bccausc she could not combine the study protocol with 
her lifestyle. The remaining 39 volunteers, 28 women and 
11 men, completed the study successfully. These partici- 
pants were 31 I 14y of age (mean r s,d.) and had a body 
mass index of 22.7 -I 2.6 kg/m2. Before the study started, 
mean serum total cholesterol and triacylglycerof concentra- 
tions were 4.74 & 0.85 mmoljl (range 2.83-6.28 mmol/l) 
and 0.99 f 0.39mmol/~ (range 0.39-l.&mmo~/l) in 
women and A94 k 89mrno1/1 (range 3.37-6.15 mmol/l) 
and 0.97 & 0.53 mmol/t (range 0.44-2.02 mmol/l) in 
mtn. $cvcnttTn women had cholesterol concentrations 
hclow 5.Ommol/f (normocholestcrolemic) and II women 
had cholesterol concentrations between 5.0 and 6.5 mmol/l 
(mildly hypercholesterofemic). For men, these figures were 
seven and four, respectively. One man and three women 
smoked cigar&es, 19 women used oral contraceptives and 
bnc woman was postmenopausal. 

Des&n and diets 
The study, which was approved by the Medical Ethics 
Committee of Maastricht University, had a double-blind, 
placebo-controlled cross-over design (Figure 1). Each sub- 
jest received three different diets for 4 weeks in arie of the 
six possible treatment orders. There was no washout period 
between the three different dietary periods Before the start 
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of the study, the subjects were randomly allocated to one of 
the six groups. ‘Ihe participants were irrstnrcted to maintain 
their customary lifestyles and home diets throughout tbc 
study. Bxing the study, thy recorded in diarias any 
symptoms, visits to physicians, medication used, menstrual 
phase, alcohol use and any deviation from the protocol. 
Body weight was recorded weekly. 

During the study, the subjects were required to replace at 
breakfast and at lunch their habitual mqarines for an 
experimental margarine of which, at breakfast 1Og and at 
lunch ZOg, had to be consumed. Within 1 h a&r dinner, 
each participant also had to cat a cake or cookie, which 
contained log of an expetimenral shortening. These cakes 
and cookies were prepared every week by a local bakery 
especially for this study. To control fat and fatty acid intake 
as much as possible. each participant also received during 
each period a shortening without plant &no1 esters that had 
to be used for baking and cooking. 

One experimental margarine contained 4.2 g/ 100 g plant 
stanols as its fatty acid (low plant starrol ester marMe), 
and another margarine 12.5 g/ 100 g (high plant star101 ester 
margarine). The phmt Stan01 concentration in the experi 
mental shortening was I 2.~ g/lOOg. Products provided 
during the control period did not contain any plant stanol 
esters. 

The mixture of vegetable oil and pinewood-derived 
plant stanols contained approximately 76% sitostanol and 
24% campestanol. Sitostanol was prepared from /I-&o- 
sterof and stigmosterol, and campestanol from campesterol, 
both by hydrogenation. Free sitostsnol and campestanol 
were tmnsesterified with rapeseed oil fatty acids, forming 
fat-soluble sitostanol and campestanol esters. The plant 
star101 esters were then mixed with the experimental mar- 
gtines and shortening. The plant Stan01 esters were added 
to the experjmentol margarines at the expense of water and 
to the srperirnental shortening at the expense of absorbable 
fits. All the margarines and shortenings were prepared 
from low en& acid rapeseed oil (LEAR) and contained 
68% (margarine& 99% (control shortening) or 86% 
(expeximentaI shortening) absorbeble fats. Al margarines 
and the shortening were fortified with normal amounts of 
vitamin A and D. J-Carotene was used as 3 coloring agent, 
while vitamin B was prcscnt as a natura1 compound. The 
margarines and shortenings were produced and provided hy 
the Raisio Group, Raisio, Finland. 

At a daily intake of log margarine at breakfast, 20 g 
margarine at lunch, and log shorter&g incorporated into 
the cakes and cookies after dimer, the aimed plant star101 
intake during the experimental periods was Mg. The 
distribution of plant Stan01 intake over the day, however, 
was different (Figum 2). During the once par day perjod the 
2.5 g of plant starrols were consumed once per clay at Iunch, 
wide during the three times per day period the piant swnols 
were provided in amounts proportional to cholesterol intake 
(Ministeries van Welzijn, Volksgezondhsid en Cultuur en 
van Landbouw, NahvrPbchccr en Visserij, 1993). Thus, 
0.42 g plant stanols were consumed at breakCw, 6.84 g at 
lunch and 1.25 g at dinner. 

The vohmttms had to come at least once a week to the 
Department lo receive a new suj@y of products. The 
experimental raargariaes were given in color-labeled tubs, 
which conteined 75g margarine (baakfhst) or 145g mar- 
gatine (lunch). The cookies or cakes wcrc protided in 
simi!arly color-labeled bags. The tubs and the bags pm- 
vided margarhe, cakes and cookies for one week, Parts of 
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Figurn 2 Distribution of pl;mt rt~ol ioWe over the &y, 

all experimental products that were left over at the end of 
the week had to bc rctumed ad went weighed back to 
calculate the consumption of the experimental margazines 
and shortening for that week. The shortening without plant 
stanol esters was packed in a tub of ZOO g, which could bc 
used for more than one week. 

During the last week of each puiod, the participants had 
to fill in a food f?equcncy questionnaire about their eating 
habits of the previous 4 wcch. in order to estimate their 
energy and nutrient intakes. D&Is of the &d &equency 
questionnaire have been published before (Plat & Mensink, 
2000) A dietitian immediately checked the qucstionnair~s 
in presence of the subject, for completeness and incon- 
sistencies. Food intake w-as divided over breakfast, between 
breakfast and iunch (morning snacks). lunch, a&moon 
snacks, dinner and evening snacks. Composition of the 
diets was calculated as de&bed l-dote (Plat & Mensink, 
2000). 

Blood sampling 
Blood was sampled after an overnight fast end after 
abstinence from drinking alcohol the preceding day and 
smoking on the morning before blood sampling. All veni- 
puncture were pctiormed by the same person, at the same 
location and approximately at the same time of the day. No 
blood was sampled on Mondays. Blood was sampled once 
at the beginning of the study (day I) and twice at the end of 
each dietary period (weeks 3 and 4,7 and 8,11 and 12). 

A 1Oml clotring tube was always sampled (CORVAC, 
integrated serum separator tube, Sherwood Medical Com- 
pany, St Louis, MO, USA). Serum was obtained by Iow- 
pd centifugation aI 2000 g far I5 min at 4”C, at least 1 h 
afler venipuncture, and then immediately stored in small 
portions at -80°C. Senrm was used f?z lipids and lipopro- 
tein analysis. At weeks 0, 4, 8 and 12 blood was also 
sampled using a 1Ornl EDTA tube (Sherwood Medical, 
Menoject). Plasma was prepared from EDTA blood by 
centrifqing at 2OOOg for 3Omin at 4°C. Aliquots were 
snapfrozen and stored directly at -8i?X’ fa analysis of 
antioxidants. Serum and EDTA blood wen also used for 
analysis of parameters for liver and kidney function, C- 
rca~tivs protein concentrations and hemarological m- 
meters. These parameters were not affected by the diets 
{Plat & Mensink, 1999). 
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AIl”sarnples from one stlbjtcr were analyzed in the same 
anaIytica1 xun for total and HDL chokstcrol and triacylgly- 
ccrol concentrations as described before (Plat & Mensink, 
2000]- The tz4xfhients of variation within runs were 1.9% 
for serum total cholesterol 2.0% for HDL cholcs~erol and 
3.4% for triacylglyccml. LDL cholesterol concentrations 
were calculated using the Friedcwald equation (Friedewald 
et at, 1972). 

Plasma concentrations of tocophcrols (u-tocopherol, 
&tocopherol. fi + y-tocopherol), several oarotenoids &car- 
otene, @arotcne, lycopene, lutein/zeaxanthin, @ryptox- 
cutin and phylofluene) and retinal were determined 
simultaneously, as described (Hess et ai, 1991; Oostenbrug 
et al, 1997). Briefly, plasma samples were extracted twice 
with hexane, while retinylacetate was used as internal 
standard. Antioxidant concentrations were determined by 
reversed-phase high-pressure liquid chromatography 
(HPLC). Samples from one subject of weeks 3, 8 and 12 
were analyzed in the same analytical run. The mean 
recovery of retinylacetate was 96.0 + 7.9%. 

Stattstical analysis 
The data were analyzed with the General Linear Models 
(GLM) procedure of the SAS program (SAS lns-titute Inc., 
1985). For each subjtx%, lipid and lipoprotein concentra- 
tions of weeks 3 and 4, of 7 and 8, and of weeks 11 and 12 
were tlrst averaged. The model to examine diet effects 
included subject, diet, period, carry-over effect and diet x 
sex as independent variables. Since the carry-over effect, 
period and the diet x sex interaction term never reached 
statistical significance, thc~ tormS were ,5ubsequently 
omitted from the model. Thus the final model included 
subject tid diet. When the analysis Indicated a significant 
effect of diet (PC 0,05), the Tukey method w<as used to 
compare the diets pahwise. All values ate Presented as theit 
means f standard deviations (s.dJ, except in Figure 3, in 
which values are presented as means Z!Z s.e. 

Results 

Dietary inta?w and body weight 
Table 1 shows the estimated daily pIant stem1 and stanol 
intakes, as derived from the experimental margadnes and 
short!enibgs, As expected, total intakes of plant stanols 
during the once per day diet (2468 + 173 me;) and during 
the three timett per day diet (2456 f 121 mg) were sign& 
cantly higher than those during the control diet (P CC 0.001). 
Total plot stanol (P = 0.672) and sitostanol (P= 0.578) 
intake was similar dur@ the once per day period and the 
three times per day Period. The slightly higher camp~~zanol 
intake of 23mg of 4%, during the once per day period, 
compared to the three times per day period, was significant 
(P 4 0.001). This difference was due to a slight difference 
in the sitostanol/czunpestanol ratio of the plant Stan01 ester 
mixtures used for the preparation of the low and the high 
stanol ester margarines. 

The daily energy intake and the proportion of energy 
from the macronutrIents and alcohol, as well as choleste#I 
and fiber cor~sumption, were essentially the same during the 
thw periods of lhe study. Slight, statisticaily significant, 
dif&ences existed in the intakes of fatty acids. Thii was 
mainly due to the slight& lower absohblo fit content of 
the stanol ester shortening compared with the contrvl 
sbvrteoing. 



Now21-2000 15:15 T J LIPTON 201 894 7239. P.20123 

Tablo I E&ared daily intake of pht stcrwls and pbmt stamk, energy pnd nubicnts,~ dmin~ the t&c diffiit clicts’ ,. ” _/ . . ,/^ . _._.” 
conhor jXtdOd bee per d@ period nr?ve limtsper aby pc?fd 

t4td plant studs (m& 228f44 2729+199* 2682 * 1469 
Of which plan: stsnols (mg) 0*0 2468f 173. 2456& IZI’ 
sit4sterol (tng) 1t2*22 132 f 22. 
SitObtiUld (lIig) 

123 * 21.2 

Ok0 1867&13x* 
C-=vtnol (rng) 

I879 -+ 92. 
al* IS 972 15’ 82f 15. 

C5mpestattol (mg) Of0 601 f 42, 578 ;t 2a*J 

h=BY w il.O+,Z.4 11.1 f 2.5 ll.O&-2.4 
Fy+nA8@l 38.8 f 4.4 38.9 f 4. I 38.2 k 4.3 

13.3 * 1.9 13.5 & 2.01 
MUM 1682 f 2.2 

:yj 2 ;.; 

7:7 f 110 
15.7 f 2.0’ 

PUPA 7.4* 1.3 7.1 * 1.2’ 
L.in0Ioic mid 5.7& 1.1 6.0 f 0.9 5.5 _+ IA+ 
a-LinOlmlc e&I I,3 f 0.2 I.32 0.2 1.1 * 0,2’.’ 

Cb4letierd (mg/MJ) 21 + 4.5 21 f s.9 2f * 4.5 
Protein (cncrpy”/o) 12.9 & IS 12.7 -f 1.5 12.6 & 1.4 
Ckbohydrritcs (cncrgy%) 4x1* 1.2 46.1 f 4.8 46.7 i 5.3 
Alcohol (energy%) 1.9f l.8 l&f 1.4 La* 1.9 
Fiba (mg/h4J) 2.4 f 0.5 2.5 f 0.5 2.5 f 0.5 

Y&es are means 2 s.d. Thirty&& subjects conwmcd no piant s@nois (wnwol puiod), 2.5 g pkwt stanols once a day (at 
hch), or 2.5 8 plpn, st~~ols divided over Ihnc? me& (0.42g at breakfax, 0.34g nt llmch and 1.25 g at dinner). tch pmiad 
iastcd 4 weeks. Ai1 pla stanols were bansestnifkd with repcxcd oil fbay acids and were adminis~cnrl as its fatty acid 
csws. 
%stinwted plant rt& and sbnol inkkc as derived from the expaimcnl;rl rnargtincs and shortenings. Diekry intics WRC 
calculc~bl hm fad frtqueaty MS filled in dlrLg the lair wtd of WA p*riod. SAFA: atwaked fmy wids.; MUFA: 
m4ncutlmtuTnted kty acids; PUFA pdyunsntuntted fntty acids. 
*P-i CM01 campiwd Ah the control period. l *P I: 0.01 compared with the oontrol paiod. 
‘P c 0.w C4TnpcTcd wlv, MC 4noo pm day pew. *F c: 0.01 cmnpr+Tcd with the 4nce per day pmod. 

During the cantn$ period, mean estimated daily mar- 
garine intake at breakfast was 10.1 f O&g, and at lunch 
was 18.8 2 I .8 g, while the estimated shortening incorpor- 
ated into the cakes and cookies conswned after dinner was 
9.6 r4 0.8 6. For the once per day period, these values were 
respectively 10.1 f 0.6,19.3 & 1.4 and 9.6 f 0.8 g, and for 
the three times per day period respectively IO.2 k 0.6, 
18.8 It 1.7 and 9.6 f 0.6 g. Table 2 shows the estimated 
plant st;mol intakes as derived from the margarines and 
shortening, a.~ well as the cholesterol intakes as divided 
over brctiast, lunch amI dinner, which were all as antici- 
pated. The cakes or cookies prepared with the experimental 
shortenings were consumed approximately 22 f 2Omin 
a&r dinner with no difference between the three periods. 

During the different periods of the study, changes in 
body weight were marginal. At the start of the sNdy mean 
body weight was 64.5 f IOkg for women snd 75.2 f 9kg 
for men. At the end of the control period body weight \~ras 
64.7 +, 1OIcg fat women and 75.7 f 9 kg f?z men and at the 
end of the once per day diet and the three times per day 
diet, rnea~~ body weights were 64.2 f 10 and 64.9 + I 0 kg 
for women and 75.3 f 9 add 75.7 + Pkg for men, respec- 
tively. These values wen not significantly different 
(P= O-982 for the diet of diet for women and P= 0.993 
for men>. 

Table 2 Ptant &ml md eholcstacl intnkcs at bmktkt, lunch and, 
dimcr during the three differmt die@ 

BR?CZk/arr Lunch Dinner 
-- 
Confroi Period 
TomI plant SlanoJ? (mg) V,Q f 0,o 0.0 * 0.0 0.0 f 0.0 
ch4lcster4l (mg) 4Of31 46&27 122k 36 
Qmpcr day pm.od 
Tolat plati st;moIs (mg) 0.0 f 0.0 2468 a 173* 0.0 + 0.0 
choIcstcr!Jl (mg) 34*34 so*35 119f41 
lkrcr rimes per day period 
Total pkmt stands (mg) 436 & 26**’ 806 f 73*J 121s f 69”’ 
Cholcstcr4l (mEf 38 f 32 44&32 113+_38 

Sewn lipids and Qmproteinr 
Table 3 shows that plant stanol ester corwrmption once a 
day lowered serum total cholesterol concentrations by 
0.32mmol/l or 12 mg/dl compared with the control 
period, a reduction of 6.3% f 6.2% (F c 0.001; 95% con- 
fidllnae interval (Cl), -0.20 to -0.44mmol/l). consump- 
tion of d similar amount of plant stanol esters, distributed 

Table 3 Fasting lipid and lipoprotein conccntntions nt the end of the Ju# dlffkrcnt diets’ 

cQnfYQlpenbd #we per day pw+d kc limos per day period 

TOW ~bel&ad 5.02 f 0.88 4.70 f 0.85’ 
Lm cboksterol 

4.69 f 0.91 l 
3.04 f 0.86 2.74 i 0.W 

HDL ctldestcmt 
2.73 f 0.87 

I so * 0.39 
Trhytglycorol 

1.48 f Ct.41 
‘fff ;r 

1.49 f 037 
I .04 f 0.45 

Tomi to HIX cbolcst~ol ratio 
I .02 f 0.43 

5 . 3.4 f 1.4’ 3.4 t; 1.4’ 

fee TaBle 1. C.~~rionr nn ntprcsrcd in mm4l/l, except for the toul ebolestml to HDL cholcsrmd mh To con- 
~chcs fix total. HDL and LDL cl&d to milligrams pc~ dccilitw, mtilipIy by 38.67. To convert vatucs for 
~lg~ycarpls to JUigams per deciliter, multiply by 88.54. 
l P .c 0.001 cmpred with the corm41 peWI. tP s 0.0144mpd wirh the ooncrol p&ad. 

_ _ _. .., 
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over the day with the three sneak, lowered tod cholesterol 
concmuations by 0.33 mmol/l or 13 &/dl, a reduction of 
6.6% f 7.8% compared with the control period (Pi 0.001; 
95% cl, -0.21 to -0.45mmol/l). The dimce of 
0.01 mmol/I for total cholesterol between the once per 
day period and the three times per day period was not 
significant (P= O-808; 95% CT, -0.11 to +0.13 mmol/l). 

the three tints per day pen’od a&o phytcdkne (P= O&08), 
and B+r tocopherol (P=O.O07) concentrations were sig- 
tican~ly decreased, and changes in lutein/zeaxanthin 
conc-en~tions nearly reached significance (P= 0.023). 
Retinol concentrations were not affected by plant stm1 
ester consumption. 

mcts or plant stanol esters on serum total chole&rol 
were mainly caused by effects on serum LDL cholesterol 
which were, compared with rhc contra1 period, significantly 
decreased by 0.29 mmol/l or 12 mg/dl (-9.4% + 9.1%; 
P<O.OOl; 95% Cl, -0.19 t0 -0.39mskiOl/l) &cr the once 
per day period and with 0.31 mmoi/l or 12mg/dI 
(-10.4% * 11.9?& P<o.O01; 95% c&-o.20 to -0.41 
mmol/l) after the three times per day period. AS for rotal 
cholesterol, the difference of 0.02 mmol/l for LDL cholcs- 
terol ooncenfrations be&vcen the once per day period and 
the thee times per day period was not significantIy differ- 
ent {P" O‘7W, 95% c&-o.09 to+O.11 mrnol/I). sl?nlm 
HDL cholesterol and tiacylglycerol concentrations were 
not changed by the diets. Therefore, the total to HDL 
cholestero1 ratios were significantIy lower at the end of 
the once per day period (3.4 f 1.4; P= 0.002) and at the 
end of the three times per day period (3.4 + I-3; 
P -e O.OOl), compared to the OOIWO~ diet (3.6 it: 1.5). 

Although difkences between the once and the three 
times per day period never reached statistical significance, 
changes for all antioxidants studied were more pronounced 
after the three times per day period. Also, changes were 
larger for the sum of the less polar hydrocarbon carotenoids 
(ie u-carotene, j-carotene and lycopene) compared with 
reductions for the sum of the more polar oxygenated 
carotenoids (ie lutein/zeaxanthin &snd jkryptoxanthin) 
and the sum of the tocopherols, which are more polar 
than the carotenoids. 

Fat sohble untioxidantr 
Consumption of plant Stan01 esters, either once or three 
times a day, si&Ikzmtiy lowered absolute a-tocopbcrol 
and P-carotene concentrations (Table 4). The reduced 
lycopene and jkryptoxanthin concentrations nearly 
reached significance after the once per day petiod 
(P = 0.044 and 0.032, rcsgcctiveIy), while concentrations 
of both a&oxidants were significantly IOWW after the three 
times per day period (both P=O.OOl). In addition, during 

After standardization of the antioxidant concentrations 
for LDL cholesterol (Table 5), none of the antioxidant 
concentrations was significantly diffmt from the con- 
centrations at the end of the control period. Changes in LDL 
cholesterol standardked hydrocarbon carotenoids were 
still slightly negative on the once per day diet 
(-0.017 + 0.018 j.unol/mmol LDL cholesterol; P= 0.307) 
and -0.032 f 0,016 ~ol/mmot LDL chokstesol (P= 
0.049) on the three times per day diet. In contrast, after 
stmdardization for LDL cholesterol, changes were sl&htJy 
positive for the oxygenated carotenoids and the tocopherols 
(Figure 3). 

Discussion 

Many studies have demonstrated that plant stanol esters, 
when consumed three times a day with each meal (Mietti- 
nen et al, 1995; GylIing el al, 1997; PIat & Mmsink, 2000) 
or twice a day at lunch and dinner (Weststmte & Meijer, 

Table 4 Rcthol and fat soluble tw.tioxidant cwwntn~tions at the end of tbc Wee different dierts’ 
,. ..I,_^___. *. 

Gmwolpcriad okc6pe~daypwiod iTtree dntes per daypi7iod 

Retirwl 0.41 
d-Tocophwol 

2.12 * 2.10* 0.38 
0.16 

2.14~ 0.41 
0.21 f 0.l9f0.09 0.17 0.07 

B + Y-T4coPb~l 2.67 f 1.06 
f 

2.SB f 0.95 
a-Tocophml 

2.32f0.89’ 
24.40_+4.19 23.32 f 3.78’ 22.58f3sv 

PhylOfbIi3llC 0,371 0.16 
Lutcln/zeaxanlhio 

0.34 * 0.21 092 f 0.20’ 
0.43*.0.1s 0.41 *o-12 0.13 

fz=@iin 0.33 0.72 f f 0.12 0.28 0.31 0.64 f f 0.10 0.27 030 OAOf f 0.14’ 

UdhCOlau! 
060 k 0,28’ 

0.0s f 0.04 
&curotcne 

0.04 + 0.03 0.04 * 0.03. 
0.32 i 0.18 0.26 f 0.13’ 025 *0.13* 

‘See Tat& 1. Concentrations ate OrpreSsed in pmol/l, emapt fw phytof!uede, which is cxpsscd in mV*tttin/~ 
(amplificatiolt 100). 
‘P z 0.001 ax compalcd with the contfol period. ‘P < 0.01 as cvmpared 4th the oomol period. 

O-92 8~3 f f 230 0.32 0.96 8.91 f f 2.32 6.32 0.91 9.05 

PhyrOfluene 

f k * 2.51 036 

0.13 f 0.06 0,14 f 0.08 OS12 * 0.08 
Lutcin/zcaxanWn 0.16 0.07 

gaw&a- 

0.15 f o.L& f 0.16 0.07 

0.12 0.2siO~ll f 0.06 0.13 f 0.08 
u-cutvlenc 

oa3* OJZ 0.13 Q.23 fO.08 f 0.11 
0.02 l 0.02 

f 

jl4btUtOm 
0.02 i(r 0.02 0.M Q.02 

0.12 * 0.07 0.10 f 0.07 0.10 f * 0.07 

%oc Tctble I. ConWioaa ut arpnxxa in pmol/tntnol LDL cholestwol, except far phytoftwhe which is rxpwd in 
mv57Iilt/nmol LDL chokatcfol (ampwication foe). 



NOU-21-28OQ 15:16 T J LIPTON 201 894 7239 P.224!3 

0 Once per d3y @Three times per day 

Figure 3 Percentage changes of LDL choIenero1 standardiked plasm8 
hydrocsrbon carotcnoid, oxygextzkd carknoid and tocophcrol coacentn- 
tiorw (pmol/mrnol LDL ohoIcsterol) at the end ofthc once per day period 
and thr: thrts limes pa day paid, both compared wiUr tht concwtrations 
at the end of the confrd period (mews f s.e.1. Hy&oe&on earotenoids 
we?0 calcnhed 85 ihe b-ID Of &carOte3e, a-CWOte.3e aid lYCOpC!R, 
oxygc~tca eamtcnoids BP the nml of lu~oin/zaaxauthln and )9-qptox- 
Whin, ;uld locopherols as the sum of a-tocophcrol, j + y-meophcrol and 
tL~ocophcm1. 

1998}, lower serum total and LDL choler&o1 concentra- 
tions, We have now demonstrated that a daily intake of 
2.5 g plant stanoIs as its fatty acid esters, c&her ~~nsu.mt?d 
once per day (at lunch) or divided over three meaIs (0.4g at 
breakfast, 0.8g at lunch and 1.2g at dinner), resulted in a 
similar decrease in seNm total and LDL cholesterol. The 
amount of plant ,stanoIs in the latter period wes divided 
over the three meals in such a way that the Iarge$t intake 
was at diier and the lowest intake at brcakfkst. This 
diffkentiation is largely in corrspondenco with the dis- 
tribution of cholesterol intake over the day (Ministories van 
Wekijn, Vollcsgezondheid en Cultuur en van 4nclbouw, 
Natuurbeheer en Visserij, 1993; Table 2). Our Endings 
therefore demonstrate that it is not necessary to consume 
plant stanol ester products simultaneously with dietary 
cholesterol or with each meal. This provides variety and 
may increase compliance for potential consumers. Like in 
other studies, serum HDL cholestero1 and triacy1glyceroS 
c~ncenlrcttioris were not affected. As a result, the total to 
HDL cholesterol ratio was significa.ntIy lower at the end of 
both the oncr per day and the three times per day period, as 
compared with the control period. 

The mechanism by which plant stanol esters affect 
lipoprotein metabolism and lower serum cholesterol con- 
centrations has only partly been elucidated. It is, however, 
generally 3ssum3d that the intestimd alxwptios of both 
dictaq md biliaxy cholesterol is reduced in the pxqence of 
plant stanoh, since the micellar soIubiiity of cholesterol is 
lowered (JCkeda et al, 1989). Therefore, it has been sug. 
gested that plant sterols, which a160 lower the micelIar 
solubility of cholesterol, should be consumed at each 
cholesterol-containing meal to achieve an opGmal efkct 
(Mattson er ~4 1982). However, this suggestion is not 
supported by oux findings. We theref’ore hypathGsize that 
plant stanols, or pIant stanol esters, remain in the intestinal 
lumen or in the enterocytes for a while. Indeed, oaly 70% 
of an orally administered single bolus of 14C labeled 
sitoatanol to maIe Wiitar rats is found in the feces after 
2ah (lkcda & Sugano, 1978). After 2 and 3 days the 
cumulative fecal excretions were WA and 97%, reqec- 
tively. Thus, when the low &sorption of sitostanol into the 
circulation (Hassan & Rampone, 1979) is neglected, at 1eas1 

Z-30% of the sitostanol is still in the intestinal tract after 
one day. However, when rats were fed 0.5% choksterol and 
0.5% sitostanol (W/W) for 18 days, the daily fccaf excre- 
tion of sitostanol showed a recovery of approximately 
100% (Sugano er al, 1977). This implies that in rats, at 
least within 18 days, a steady state was reached and 
sitostanol intake equaled sitostanol excretion. This still 
does not elucidate whether sitostanol remains in the intest- 
inal lumen, and if so, in which part, or in the enterocytes It 
also does not answer the question of how long plant stanols 
are active in the ibtestine. Studies with cac+2 cells have 
adclrcssed the question whether micellar “C-labeled sitos- 
terol could be taken up in the enterocyte and subsequently 
be excreted across the basolateral membrane (Field et el, 
1997). To our knowledge no such studies with sitostanol 
have been pubIk.hed. Xt appeared that sitosterol was indeed 
associated with the cam-2 cells. It was, however, not 
esterifled intracellular and not excreted to the basolateral 
medium. This implies that sitosterol can indeed remain in 
or can be associated tith enterocytes. The functional 
significance ofthese tidings, however, is unknown. Theor- 
otically sitosterol could remain associated with the cntero- 
cytes only temporarily, be rcleascd into the lumen afkr 
several hours. and consequently af&ct mimllar sofubiiity of 
intestinal cholesterol at that moment. It can, howcvcr, also 
be SpecuIated that plant sterols or stanols not only afliict 
miccllar sdubility of cholestcrof, but have additional 
effects on ktestinal lipoprotein metabolism as well. 

In this study, serum LDI, cholesterol concentrations 
were ignificantly reduced by 9-IO%, when plant stonol 
oster$ were con,,ed. In a previous study, aIs0 in a 
normochoresterolemic and mildly hypercboletierolemic 
poppulstion, mum LJX choksterol concentrations 
decreased by 1 I -. 13%, when 3.8 or 4-O g plant stanols as 
its fatty acid esters were consumed (Nat % Mensink, 2000). 
As already discussed (Mensink & Plat, 1998; Wester, 
1999), hardly any additional benefit is obtained when 
daily intake of pIant stanols exceeds 2.2 g. 

Although total fat consumption during the three diet 
periods was similar, the fatty acid compositions of the diets 
wcrc not entirely comparable. This was due to the slightly 
lower absorbable fat cmtent of the stanol ester shortening 
compared with the contrd shortening Howcvcr, the mar- 
ginal diffwences in the dietary i&y acid compositions were 
too small to have a major impact on se&m lipoproteins. 
The LDL-cholesterol-Iowering effect of the once Per day 
period might have been overestimated by O.O2mtnol/l 
compared with the control period, while the LDL-chok- 
teroldowering effect of the three times per day diet might 
have been underestimated by 0.01 and O.O4nsmoi/J, when 
compared with the control period d the on* per day 
period, respectiveIy (Mensink & Katan, 199~). 

Consumption of 2.5 g pIant stanols three times a day 
Significantly Iowered most of the carotenoid and tocopherol 
isomers stick!. In contrast, consumption of a similar 
amount of plant stanok once &y at lunch only resulted 
in reduced absolute a-tocopherol and B-carotene conoen- 
trations. 1s addition, all antioxidants studied showed 
digbtly lower ccmcentiom at the end of the three times 
per day period compared with the concentrations at the end 
of the once per day period (Tables 4 and 5). These absoIute 
reductions can be cxplaincd Jargcly by a reduced number of 
LDL pattioles in the circulation, which are major ca&ers of 
the fat-soluble &oxidants. Therefore, the differences were 
no longer significant after standardization for LDL cholcs- 
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tool. FuRbermore, We have shown that, in paxticuktr, the 
most lipophylic hydrocarbon carotcnoid conccntxations (ie 
cc-carotene, &carotene and lycopene) were lowered by 
plant stanol ester collsumptlon. The mechanism and the 
biological s&p&xince of these effects, however, Yemain to 
be elucidated. 

From our results we conclude that a daily consumption 
of 2Sg plant stanols as f&Q- acid eaters either at lunch or 
divided over the three meals does not affect Its senun LRL- 
cholesteroI=lowering ef%acy. This implies that it is not 
necessary to consume plant Stan01 esters simultaneously 
with dietary chotesterol or with each meal. We therefore 
hypothesize that plant StanoIs, or plant Stan01 esters, remain 
in the inte.stinaI lumen, or possibly in or associated with the 
enRrocytes. lt can aIs be speculated that plant stanols not 
only affect mkellar solubility of cholesterol, but have other 
intestinal eff&zts on lipoprotein metabolism as well. There- 
fore, finthcr research will be necessary to elucidate the 
mechanic by which plant stanols lower LDL cholesterol. 

~chuwle&~pn~~-WC we iodcbtcd to the mcrhrs of our technical and 
dictaty staff. wpccially Mr FJJ Cox. Mr RFG Offermar~s. and Mr D Vi- 
for their sssistu~cc; iuxl I volunteers for their coopcradon and interest. 
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